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AUTHOH’S PREFACE. 


WiiKN the author puhlishod his ‘Oatlines of Structural and Physio- 
Io<^ical Botany’ tori years ago, it was his intention to prepare a 
Hocond volume devoted to Systematic ihjtany. Various circumstances 
concurred to prevent that plan from being carried into effect, among 
the most important of which were, first, the rapid advance made in 
certain departments of Structural Botany soon after that date, which, 
rendered a recast iiig of the existing volume desirable, and, secondly, 
the graduidly strmigth(miiig (jonviction, derived from experience in 
lecturing, that the arrangement of the matter in the ^Outlines’ 
was nut that, best ada])t(‘d for the instruction of those for whose use 
it was intended. 

Notwitlistandiiig tliat the author’s own labours have been chiefly 
in the field of Physiological Botany, he quite concurs with the 
opinion expresso(^1)y the distinguished authors of the ‘ Plora Indioa,* 
who believe that disservice is done to the cause of Botany by ^ccu- 
p/ ing the attention of students in the first instance with the abstract 
parts of the scaence. The largest class of students of Botany arc 
those who pursue the subject a.s one included in the* prescribed course 
of medical education. One short course of Loctur' S is devoted to 
this science, and three months is commonly all the time allotted to 
the teacher for laying the foundations and building the superstnic- 
tiirc of a knowledge of Botany in the minds of his pupils, very few 
of whom come prepared even with the m«»st rudimentary acquaint- 
ance with the science. To direct the attentyn of the student to a 
scries of isolated facts and abstract propositions relating to the ele- 
mcntaiT anatomy of plants, is to him to charge his memory or 
his note-book with materials in which 'he can take but little interest, 
from his incapacity to perceive their value or applications. . Some of 
the most important questions of Physiology are as yet ‘in no very 
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advanced state, and the conflicting evidence on many of these cannot 
be properh" appreciated without an extensive knowledge of plants. 

endeavour to seize the floating con6i?ptions furnished by 
coAnion experience, and to fix and define them by a course of exact 
practical observation of the more accessible characters of plants 
(showing the relations of these as they occur in different divisions of 
the Vegetable Kingdom), we jdacc the student in a position wliich 
enables him to proceed at once with an inquiry into the peculiarities 
of the plants he meets 'with, and in this way to ac([uire a fund of 
])ractit*al knowledge, which is not only absolutely recpiisite before 
entering on abstract iinpiiries, but is especially calculated to secure 
his permanent interest in the study. 

Physiology is undoubtedly of the highest imi)ortanee, and from 
its nature is that part of the Science which, were it not for tlie 
above difficulties, would with most advantage be taught by Lectures. 
If tbo«prcvious education of medical students prepared them, as it 
should, with an elementary knowledge of the ^^^tllral Sciences, we 
should make Physiology tlie most cons])icuous feature of a course 
of Botany in a Medical School. In tlie meantinn* we suhordinato 
it to the other branches in practical teaching, and in this volume 
have dealt with it in what we regard as its proper place in the order 
of study. 

A^ompendious manual of a science makes peculiar demands u])nu 
the powers of an author. Originality of matter has little placid 
The exercise of judgment and coiiscieiitiousiiess in (‘xaminatioii of 
original sources are everywhere demaiideil ; and these are of course 
most beneficially employed when they rest upon an extensive liasis 
of practical experience, ^luch care and labour have been ex])end(‘d 
in the preparation for, and execution ot, liie present volume ; and the 
author trusts that his experience as a teacher may ])rov(‘ to have 
enabled him to produce ^good working text-book for the stiidimt, 
from which may be obtained a groundwork of knowledge in all 
branches of the Science, • without the attention being diviTtcd from 
the more striking features ofjHie subject by debiils comparatively 
unimportant. 

ARTHUR HEXFRKV. 

London, June 1857. 



Ei)ITOR’S PREPACE. 


Thk Editor’s duty in supi^rin tending the publication of this volume 
was clear, tliougli its execution has proved onerous. To revise 
the whole Avork, to eliminate ])aBsage8 which the progress of Bota- 
nical Science had rendered obsolete, to insert new material, and 
to endeavour, as far as circumstances would allow, to render the 
book as good an exponent of the state of botany at the present time 
as the previous edition w^as at the date of its publication, — such was 
(he course laid down to be followed. To this end Professor Hen- 
fnys ((‘xt has been left intact in all cases where this could b^done 
without compromising its value. In particular those portions which 
have special interest ns embodying the results of the lamented 
author's original researches have' b(‘en carefully retained. 

Little alteration and comparatively slight additions have been needed 
in the chapters relating to Morpholog)^ and Physiological Anatomy. 
The latter department esj)ecially was so thoroughly investigated by 
the author that it is no matter for wonder, though assuredly it is 
for congratulation, that modifications, relatively unimportant, were 
all that api>ear(Ml neccssarj’ in the portion of the w^ork devoted to 
this subject. Professor Hcnfrey in his lifetime was the almost 
solitary representative in this country of Physiological Anatomy. 
Certainly no Englishman has of lato years earned in this special 
department so well founded a reputation, and great has been the 
loss to English seicuice from his premature decease. 

In other sections the changes have necessarily been greater, Tlie 
systematic description of the NaturaJ Orders has been condensed, 
and to some extent recast, especially ’as regards the Cryptogamia. 
In his knowledge of this latter class of plants the authoi was Jilso pre- 
eminent; but the additions to this department of Botanical science 
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have been so great and so important, that (considerable reconstruc- 
tion has been necessary to bring the work up to the present time ; 
but here, as elsewhere, wherever it has been practicable to do so, 
Professor Henfrey’s views have been scrupulously regarded. 

It win be seen that, in the portions relating to Systematic Botany, 
frequent reference lias been made to the view's of Messrs. Bentham 
and Hooker on the affinities of the various families of plants. The 
volume of the ‘ Genera Plantarum ’ already published by those 
distinguished botanists, and which it is to be hoped will speedily be 
followed by the remainder, haib served as a guide so far as its limits 
have allowed. In the case of the orders not included in the above- 
named volume, the Editor has availed himself of the ‘ Flora Austra- 
liensis ^ of ^tlr. Bentham, lh 45 second edition of Dr. Harvey's ‘ Genera 
of South- African Plants,’ edited by Dr. Hooker, as well as of 
manuscript notes kindly placed at his disposal by the latter gentle- 
man. In this manner it is hoped that a general id(‘a of the views 
of those eminent botanists as regards the affinities of the larger 
groups of plants may be obtained. 

Great progress has been made in matters pertaining to physiology, 
especially in Germany and France, since tin* publication of the 
original edition ; and hence a coiTesponding amount of labour has 
been'bestowed by the Editor on those portions of the book allottc'd 
to the consideration of those subjects. 

The sections relating to geographical and geological botany are, 
in a students manual, necessarily treated merely in outline; and 
hence they have been . left nearly as written by the author, ^ith a 
few requisite additions and modifications. 

By means of careful condensation, redisposition of material, and 
different typographical arrangements, a large amount of new matter 
and some additional illtfstrations have been added, without materially 
increasing the size of the volume. In this, as in all other matters, 
the convenience of the student has been carefully considered. 


June 1870; 


M. T. M. 
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INTRODUCTION. 

SECT. 1. OBJECTS AND SUBDIVISIONS OF THE SCIENCE. 

1 . Botany ia that department of Natural Science which deals 
with Plants ; a knowledge of it consists of an acquaintance ^ith 
a body of accurately observed facts connected with the Vegetable 
Kingdom, and ^vith the laws which have been deduced from them 
as expressions of the order and relations in which they present them- 
selves in nature. 

No attempt is here made to plant, so as to separate the abstract 

conception of this kind of being from that of minerals and animals ; for an 
absolute and exact detinition cannot be properly comprehended without a 
familiarity \vith a large portion of the matters which it is the object of 
the present treatise to teach. At the outset wo must be content with 
the conception of a plant furnished by the previous experience of the 
student j this will be enlarged and at the same time rendered clearer by 
the study of the following pages ; and after the more important principles 
of ph} siology have been expounded, something like a satisfactory deimi- 
tion may be attempted. 

2. Botany is divisible into tw^o principal departments : — the AufuraZ 
Hlston/ of PI<mts, which deals with the characteristic phenomena 
presented by the individual kinds of pl(ftits ; and P?iiloso}>hical Botany, 
the object of which is to ascertain the general facts and laws which 
may be recognized as pertaining to more or less •considerable as- 
semblages of plants. • , • ’ 

Philosophical Botany represents thb pme science 5 and it ia with the 
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departments of tliis we have chiefly to do ii] this work. The Natural 
History of plants, which in early times constituted* the whole science, 
resolves its^, at the present time, into a number of distinct branches of 
Applied or Fractical Botany, ' • 

{ 3. Philosophical Botany includes the following departments : — 

I. jB^orphohgy^ or Comparative Anatomy of plants, consisting of 
the study of the forms of the orgam, or physiologically diverse parts 
of plants. 

II. Elementary or Physiological Anatomy : the study of the tissues 
and the intimate structure of the organs. 

With these two are conveniently associated the Terminology^ or 
technical language of Botany. 

III. Physiology : the study of vital phenomena, including those 
specially characteristic of plants, and also those which arc common to 
the animal kingdom, as well as the consideration of the general 
cosmical agents pertaining to the mineral kingdom equally with 
the two others. 

IV. Classification, which is the study of the mode of placing the 
kinds of plants in groups and series of groups so as to express in 
an abstract form their mutual relations and their degrees of perfec- 
tion in organization. This department includes the Principle.^ of 
Descriptive Botany, and of the Nomenclature of kinds and classes of 
plants. 

As all natural, science is founded on experience, the exposition of the 
laws and generalizations belonging to the foregoing departments must 
necessarily be accompanied by more or less extended descriptions of 
matters or fact ; so that much of the material belonging to the Natural 
Hi^ory of Plants, or Applied Botany, must be included under these heads. 
This is especially the case in the department of ClasHiJicatumy where on 
minor grounds it is advisable to associate the tabular arrangement of the 
groups with a systematic sketch not only of the botanical characters, but 
of the general history of the principal Natural Orders of plants. 

4. Applied Botany is divisible into many departments. That most 
closely connected with Philosophical Botany is Descriptive Botany, 
which is the art of describing the specks or particular kinds of 
plants in technical language, in such a manner that they may be 
readily recognized by bo^banists. kSpecial works are commonly de- 
voted to this branch, and very commonly these confine themselves to 
the plants of a limited area, as a particular country or even province ; 
such books are called Moras. Pharmaceutical Botany treats of the 
medicinal, nutritious, or poisofious properties of plants. Vegetables 
possessing such properties are generally included under the head of 
Materia Medica,Ax) which subject special treatises are also devoted. 
Agricultural, Horticultural, and Economic Botany are often treated 
as distinct subjects : the first two arc founded on the application of 
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the principles of Physiological Botany ; the last on the astertained 
facts of Comparative and Elementary Anatomy, and on the combina- 
tion of these facts with chemical and mechanical knowledge. 

None of these departments of Applied Botany receive separate trejt- 
ment in this work, although incidental reference is made to them Jto 
indicate the application of the laws and facts of philosophical Botany 
to them. 

5. Botanical Geography and Botanical Geology (or Paloeontology) 
are mixed studies, founded on the association of the results of pure 
and applied Botany with those of other sciences : the first is related 
most closely to Physiological Botany, but has some problems sui 
generis y to be solved only by independent facts and observations.; the 
second has some very interesting relations with the Scientific Classi- 
fication of plants. These two departments require a brief separate 
treatment in a text-book of Botany, as applications of the science 
having a peculiar philosophical interest. 

6. The characters of the principal divisions of the Vegetable 
Kingdom being morphological as well as physiological, while those of 
the subordinate divisions are almost purely morphological, the study 
of the Physiological Anatomy and the Physiology of Plants admits of 
being postponed in an elementaiy course of study, until after a 
general examination of the characters of the Classes and Orders of 
plants has been made, — an arrangement which is found very ad- 
vantageous in teaching, since it postpones the consideration of 
the more abstract questions until the student has made some con- 
siderable advance in a general knowledge of Botany. 

In the present work, therefore, the different departments are 
treated of in the following order ; — • 

Part 1 . MoRrnoLooY, or Comparative Anatomy of Pl-vnts. 

,, 2. Systematic Botany. 

,, 3. Physiology, including Physiological Anatomy. 

,, 4. Geographical and Geological Botany. 


SECT. 2. GENERAL CHARACTER OF THE METHODS AND 

MEANS USED IN THE STUDY OF BOTANY. 

% 

7. The study of the morphology of plants, to which the first Part 
of this volume is devoted, necessitates little more than a supply of 
fresh plants, a penknife, and a pocket magnifying-glass of moderate 
power. Roots, steins, and leaves rdt]uire no prepiiratioii ; and the 
dissection of most flowers is a very simple operation. The majority 
of the characters of maii)’^ flowers may bo observed by simply re- 
moving successively the calyx, corolla, and stamens witfi a p’enknife, 
and by examining the pistil or pistils by perpendicular and cross 
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slices. Perpendicular sections of entire flowers are very instructive ; 
and horizontal sections through unopened buds, bc/th of leaves and 
flowers, are likewise necessary for the examination of the relative 
pasition of the organs, and of the vernation and aBstivation. When 
fl<|Vers are extremely minute, and also in the investigation of the 
structure of ovules and seeds, the simple microscope becomes almost 
a requisite. This instrument consists essentially of a stand, pro- 
vided with a moveable arm supporting a magnifying-glass over a 
stage upon which the object tis laid, so that both hands may be at 
liberty for its dissection. The stage is an open frame, upon which 
a slip of glass rests, and the object to be examined, lying on the 
glass, slip, maybe illuminated by a small mirror beneath sending 
light ihrowjh it, or by a condensing lens at the side bringing a 
bright spot of converging rays upon it. The dissection is effected 
with a fine dissecting scalpel and needles : the simplest dissec ting- 
needles are made by forcing the heads of sewing- needles into the 
cedar sticks used for camel-hair pencils, securing them w’ith a little 
sealing-wax. 

8. In pursuing the study of Systematic Botany, the same means 
are used, the only diflerence being that the investigation of each 
flower is carried out in detail, so as to ascertain all its characters, 
with a view to determine its special peculiarities and its relations 
to other plants. It is a very useful and improving exercise for the 
student to make a thorough analysis, and to write down in full the 
characters of the plants he meets with, before searching in books for 
their names, and also to do the same with known plants, and then 
to compare the characters thus drawn up with those given in au- 
theiftic works. 

Q, To those who follow out Systematic Botany in detail, and wish 
to gain acquaintance with the species of plants, it becomes necessary 
to have access to an Herbarium — that is, a collection of plants so 
dried that the specific characters, at least, are preserved. In many 
caaes, if the diying has been carefuUy effected, the generic cha- 
racters may be ascertained by soaking the flowers in hot W’ater, 
when they become softened and the parts separable, like tea-leaves 
after infusion. Herbaria furnish materials for the comparison of 
plants, as it is seldom thjyb a number of sjxicies of one genus can be 
obtained in a fresh state at one time. Persons living in the country, 
and studying the British plants, will find it indispensable to form a 
collection of dried specimens. 

Plants are dried by laying tliftm out smoothly when fresh between 
several folds of paper (either stout blotting-paper, or, still bettor, 
what is called ‘‘ Botanical paper,” made for the purpos(j), and sub- 
mitting i;hem to pressure by means of weights laid on a board. The 
damp paper must be frequently -replaced by dry sheets, and when 
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the plants arc quite dry, they may be fixed to half-sheets of white 
paper, with a little thin glue, or by simply attaching them by hands 
of gummed paper, Qt by stitching. The best kind of paper is stout 
white cartridge, of dmiy size ; some prefer a stout writing-paper, 
rather smaller, of the same size as lawyer’s “draft ’’-paper. Oifly 
one species should be placed upon one half-sheet ; the name should 
be written on the lower left-hand corner. The half-sheete contain- 
ing the species of a genus may be placed in a sheet of the same 
pa])er, the name of the genus being written outside, likewise at the 
left-hand bottom corner. These sheets may be kept in drawers of 
a cabinet, or tied up in bundles, between covers of stout pasteboard. 
It is advisable to poison the dried plants with a solution of corrosive 
sublimate in spirits of wine, as some of them are very liable to be 
devoured, especially their flowers, by insects of various kinds. Plants 
preserved in herbaria, especially if rare or local species, should always 
have the place where they have been gathered carefully noted. 

1 0. The study of the Elemeiitarj” Anatomy and the Physiology 
of Plants opens up a far more extensive field for the employment of 
instruments and technical manipulations. 

1 1 . First of all, a compoioul microscope is an essential. For the 
student, magnifying-powers of 1-inoh, -^-inch, and |-inch are amply 
sufficient, although the more abstruse questions require the most 
perfect and powerful instruments that can be obtained. For general 
students’ use the binocular microscope has no advantage over the 
ordinary instrument. 

The tissues of plants arc observed for the most part by means of 
extremely thin slices passing in various directions through the struc- 
tures. Th(»se are usually best made with a razor. Stems, pieces of 
wood, and other firm objects, when being cut, may be held in the 
finger and thumb of the loft hand ; delicate and thin structures, like 
leaves &c,, should be ])laced between the two halves of a split cork, 
or rolled round the edge of a cork, and the cork supported by stick- 
ing it in the nock of a vial or test-tube, which serves as a handle. 
Seeds and similar small objects may be fixed, for slicing, on a piece 
of white wax. Where it is not imperative to examine the tissues 
in ait a, small portions may be softened b^ boiling in water. 

Sometimes it is useful to obtain preparations by macerating the 
softer tissues, either in water, or weak acids. In the case of woody 
structures recourse may be had to an openfbion which requires a 
little care : a fragment of the woodjis to be placed in a watch-glass 
with a morsel of chlorate of potash, to which a drop or two of nitric 
acid is added by means of a glass rod, the whole being gently heated 
for a minute or two, and water being poured on to prevent jcomplete 
solution. The fragments macerated in any of these wap being 
placed on a slip of glaels bepcath the simple microscope, the ele- 
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mentary organs may be picked out with a n'eedlc .or extremely fine 
camel-hair pencil, under a simple lens of ^ or ^-inch focus, and re- 
moved to a clean slide. ‘ , 

ffhe thin slices, or the fragments of macerated tissues, ^hould bo 
laM upon a slip of glass, a drop of water added, and a thin glass 
cover laid on. They may then be examined under the compound 
microscope. Objects of microscopic dimensions, such as minute 
Algm, Fungi, pollen-grains, &c., require no preparation. 

It is very instructive to apj[)ly chemical reagents of various kinds 
to the objects lying in water upon the microscopic slide. Dilute 
sulphuric acid is often useful to coagulate protoplasmic structures, 
and to clear delicate tissues ; when this is added first, and afterwards 
solution of iodine, the younger cellular structures turn blue, while 
the older ones become deep yellow. Iodine alone colours starch- 
grains blue. Sugar and nitric acid colour the protophivsniic struc- 
tures red. These reagents may be applied by means of dro])ping 
from a glass rod or fine tube. It is often advantageous to soak the 
sections for some hours in a solution of pure carmine in ammonia 
diluted with water. The nuclei and cell-contents bc(;ome tinged 
with the carmine, and can thus be more readily distinguished from 
the cell-waU. More particular reference will be made to them iti 
the chapters on Anatomy. Microscopic preparations of soft vegetable 
structures are best preserved in glycerine or strong solution of chlo- 
ride of calcium. Some objects are advantageously mounted in Canada 
balsam ; these must be well dried first, and, for a few days previously 
to mounting, should be soaked in spirits of tuq^entine. 

TJjiose who desire to obtain minute instructions on the manipula- 
tions necessary for the study of Vegetable Anatomy, may consult 
Schacht’s ‘ Mi^oscopo,’ translated by Currey, or the articles on these 
subjects in the”"* Micrographic Dictionary.’ 

In physiological investigation various pieces of philosophical appa- 
)ratu8 arc requisite. It will suffice to notice these when their appli- 
cations are mentioned. 
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OR 
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CHAPTER 1. 

GENERAL MORPHOLOGY. 

12. The functions of plants hcing comparatively simple and, 
to speak in general terms, limited to those of nutrition and repro- 
duction, the physiological classes of organs are few. The immense 
diversity which j)resents itself in the Vegetable Kingdom depends 
chiefly upon varieties in tlie form of organs performing similar 
functions. In addition to this, tlic organs of plants are displayed 
externally, not enclosed in cavities, or surrounded by an integument 
or shell like that of animals, so that the external %nn8 of plants 
furnish a guide to the discrimination of their most essential dis- 
tinctive characters. 

Sense and voluntary motion being absent in plants, and their organic 
life being of a diffused character, they are >vithout the nervous system 
and the organs subservient to it, and without the connected systWi of 
blood-vessels, by which, in the majority of animals, the unity and inter- 
dependence of the nutritive processes are yiaiutained. Plants consist 
simply of oi'gans of ahsorption, digestion, respiration, and reproduction, 
all composed of comparatively unifonn elementary tissues, and supported 
by a solid framework or skeleton, which is mtfro strikingly developed 
according to the number of organs associated in one community, and 
more diverse in its mode of construcRou according to the variety and 
complexity of the physiological kinds of organs. 

13. The organs of plants arc not only of few physiologic^ kinds, 
but their variations in form depend on secondary modiflftations of a 
very few fundamentally diverse elements. The object of Vfi^table 
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Morphology is to ascertain what these eleraeEts are, and to trace out 
the laws under which they acquire the diflPeront forms which they 
present in fully developed plants. 

JThe methods of Morphology consist in the comparative study of the 
forms of organs throughout extensive series of plants, the study of mal- 
formations arising from arrested or excessive jc^owth (teraUtloffy) , and, 
most important of all, the study of the progressive development of plants 
their embiyonic forms (organogeny), 

14. The plants most familiar to uninstmcted persons belong to the 
highest classes of plants, and exhibit the greatest morphological 
complexity. This complexity arises not from the number of the 
organs, but from the more clearly defined limitation of the various 
physiological functions to the different organs, which are thus more 
specialized, while at the same time the organs are, anatomically 
speaking, more intimately combined together into a connected whole, 
and the reproductive powers are more individualized and concen- 
trated at particular centres. 

The foregoing may be comprehended by contrasting any ordinary 
Flowering plant, having distinct blossoms and seed-bearing fruit, with a 
Fern, where the fruit is home upon leaves generally of the usual cha- 
racter, and again with a Sea-weed or a Lichen, in which there is not 
even any distinct separation between stem and leaf-structures, and no 
leaf-buds exist. 

15. In Flowering plants we readily distinguish, in all stages of 
life beyond the very earliest, two distinct kinds of product of the 
growth, viz. a stem or axis, and lateral organs, of various but always 
definite kinds and forms, such as leaves &c., which are unfolded from 
the buds of this axis, and tx?come what we may call its appendages. 
In Sea-weeds, Lichens, and Fungi, there is no really similar diver- 
sity of parts ; the axis alone is represented, alvvays devoid of leaf- 
buds, and therefore of proper appendicular organs, — the axis itself 
assuming most varied forms, often more or less approaching those of 
true leaves, but never exhibiting a distinct separation into two kinds 
of vegetative structure such as characterizes the higher plants. A 
distinctive name is given to that class of axes which exist without 
appendicular vegetative organs. Such products as the leaf-like expan- 
aions of Sea-weeds, the scAle-like plates or crusts of Lichens, or the 
flocculent “ spawn ” of Fungi, performing at once the function of stem 
and root and leaf, represent what is technically termed a ihallm . 
Plants characterized by the possession of this kind of veg^ative 
structure are called Thallophyfa, and are contrasted with all the 
higher plants exhibiting the coexistence of stem and leaf, which are 
called -^ophyta, or Cormophyta (from cormnSy a stem). 

16. But ‘the Axophyta are again distinguishable into two very 
well-marked groups, by the characters of the reproductive organs, 
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which, moreover, connect the lower of the two groups with the 
Thallophyta. The Thallophyta and the lower Axophyta (including 
Mosses, Ferns, and allied classes) are reproduced by s^ozcSf a simple 
kind of seed, in which no embryo or rudimentary plant exists at ^e 
period when it is thrown off by the parent. The higher Axophyta 
are reproduced by true which are far more highly organized 
bodies than spores, and which are especially characterized by the pre- 
sence of an embryo, or rudimentary plant, which is developed within 
them while the seed is still contained ift the parent fruit. The latter 
division also is characterized by the possession of flowers, while the 
spore-bearing Axophyta are flowerless, like the Thallophyta. 

From this crossing of the characteristics, according as we select the 
vegetative or the reproductive organs as the marks of our divisions, it 
becomes a matter of choice, as it were, how we shall define our principal 
groups, in drawing up a systematic plan of the Vegetable Kingdom. As 
long as it was supposed that the lower plants were asexual, it was more 
philosophical to select the ve^tative organs, as the most general Now, 
liowever, that there is no doubt of the existence of distinct sexual organs 
throughout all plants, it is more correct to take the reproductive struc- 
tures for the cliaracterization of the higher groups, since they are of 
greater physiological importance than the vegetative organs. 

17. In the following Table the primary groups are founded on the 
characters of the bodies by which plants are reproduced (seeds and 
spores). The complex organization of seeds enables us to use sub- 
ordinate characters of the same organs for futher subdivision in the 
higher class ; in the lower group, however, the simplicity or uni- 
formity of the structure of spores only allows us to proceed one step 
in tliis direction, and we are forced to have recourse to charafters 
derived from other sources. The mode of occurrence of the sexual 
organs affords very good characters in the higher Flowerless plants ; 
but with regard to the Thallophyta, in the present state of our 
knowledge, we arc compelled to resort to characters of habit, which 
however, mark out tolerably well the natural subdivision of these 
plants. 

In the following Table the links placed at the sides indicate the limits 
of the groups known bv the names of Phanerogaviia, or Flowering Plants, 
and Cryptoyamia, or Flowerless Plants, on ^ one hand, and of Axcy>hyia 
lot Corniophyta), Plants with stems, and ImJhphyta, or Plants without 
opposition of stem and leaves. 
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18. By far the groatar portion of the plants useful to man belong 
to the Spcrmocarpbus division ; and this includes also the most conspi- 
cuous and familiar forms of vegetation. Hence it is desirable that 
fie Flowering plants should occupy a principal place in an elemen- 
tary work, and, moreover, that they should be examined in the fi»st 
instance, before the student is led into the study of- the njore ob- 
scure and minute characters of the Cryptogamia. But the study of 
Cryptogamous plants is indispensable to the vegetable physiologist ; 
while it forms an interesting department of the morphology of plants, 
and must receive a certain share of our attention. It will be foimd 
most convenient, however, to leave the Cryptogamia completely out 
of view in our preliminary examination of the morphology of the 
Phanerogamia, reserving even the differential characters of the two 
great di\isions until we have completed the investigation of the 
positive characters of the Flowering plants. 


CHAPTER II. 

MORPHOLOGY OF THE PILVNEROGAMIA. 

Sect. 1. General Observations. 

19. In any ordinary Flowering plant we readily recognize some 
of the most important characters of the organization. Taking the 
plant as a whole, we find a stem^ furnished below with rooU to fix it 
in the ground and absorb nourishment, and clothed above with green 
haves, which are known to bo the organs of respiration and digestion. 
Taken together these constitute the system of vegetative orgam, more 
or less complicated in their development and arrangement in different 
cases, and concerned in the nutrition and enlargement of the indivi- 
dual plant (in the familiar sense of that term). At certain seasons 
we find, superadded to the foregoing, a system of organs cQnstituting 
the blossom, and consisting of the reproHuctive organs, provided for 
the production of se^s, the “ eggs,’’ as it were, of plants, from which 
new independent individuals may be raised. • 

20. The blossom, or inflorescence^ consists of one or more fleers, 
which, as will be shown hereafter, are composed of various kinds of 
peculiarly modified foliar appendages, more or less blended together 
into compound organs. For our present purpose it jrill suffice to 
describe the general and essential characters of the parts’ found in 
true flowers. 
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Fig. 1. 


21. The outer covering of complete flowers consists of a circle of 
leaf-like organs, most frequently of green colour, 
and often united together below to form a kind 
of cup ; this cup or circle of leaf-like organs is 
called the calyx ^ and its component parts are 
the sepc^ls. Within the calyx of complete 
flowers we find one or more circles of ordinarily 
larger, but more delicate, and generally brightly 
coloured leaves ; these are likewise united to- 
gether below in many flowers ; they form col- 
lectively the corolla, and the individual parts 
are called petals. 

Examples of the above mav be found in the 
Heartsease, the Chickweed, the Primrose, &c., 
where there exist a green calyx and a coloured 
corolla. In the Tulip the outer parts of the 
flower consist of six similarly coloured organs, 
resembling ordinary petals ; while in the Dock 
they are six greenish sepal-like organs. A close 
examination shows, however, that both kinds of 
organs stand in two circles of three, one within 
the other: hence many authors regard them as 
representing a calyx and corolla of like structure ; 
other authors give the double circle the collective name of perianth or 
periyone. These irregularities will be treated of more at length hereafter. 
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illuatratinff the 
composition of a flowiT, 
of four circles of origans, 
sepals, petals, stamens, and 
cari>els. 


22. The calyx and corolla have no essential share in the produc- 
tion of the seeds ; they merely surround and protect the more im- 
portant organs, either temporarily, or as entering more or less into 
the Composition of the fruit. The collective term floral envelopes is 
therefore commonly applied to the calyx and corolla taken together ; 
and either one or both of these may be absent in flowers which are 
perfectly capable of producing seeds. 

23. Within the petals are placed the stamens, or male organs of 
flowers, consisting of more or less club-shaped bodies called anthers, 
usually supported upon thread-like stalks called fliaments. The 
essential character of an anther is that it contains, and ultimately 
d^charges, the fine dust-like fertilizing globules called pollen. 

24. The centre of the fl(flvor is occupied by ihQ pistil or pistils, the 
female or seed-bearing parts of the flower. Pistils are formed of 
foliar organs corresponding to sepals, petals, and stamens, and called 
carpels; but these are not always so readily distinguishable, on 
account of their varying number and d^ree of tinion, consequent 
upon their being crowded at the apex of the flower-stalk. The 
distinguishing character of a carpel is that it bears ovules or rudi- 
mentaiy seeds. 

25. As the stamens furnish^ the pollen by which the ovules axe 
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rendered fertile, the two sets of organs, stamens and carpels, are con- 
sidered as essential Organs pf flowers, without which the purpose of 
the whole structure^ could not be pei^ormed* 

In some flowers, such as those of the Hydrangea and the Snowball-biteh 
( Viburnum Opulus), there is a tendency m cultivation to the abortion of 
the stamens and pistils ; so that the flowers become nejjierj or totally 
barren. But in many plants it is the natural condition for the stamens 
to occur in distinct flowers from the pistils, so that the individual flowers 
are imperfect, male or female ; we have lexamples of this in the plants 
of the Cucumber family, and also in most of our native forest-trees, such 
as the Oak, Beech, Hazel, Poplar, &c., where the staminate and pistillate 
flowers are collected in separate bunches or catkins, of which the stami- 
nate fall ofi* soon after the pollen has been discharged. 

26. Tho carpels, the essential organs of a female flower, present 
themselves in two conditions in Flowering or Seed-bearing plants ; 
and these two conditions form the basis for the primary subdivision 
of this group. 

27. In by far tho majority of flowers the carpels are folded iip so 

as to form hollow cases, in the interior of which the ovules are 
enclosed. In such instances the pistil is divisible into regions, of 
which the lower hollow portion, called the ovary, is the most impor- 
tant; very frequently a stalk-like process, the style, is prolonged 
upward from its summit, terminating above in a more or less thick- 
ened head, called the stigma, which marks the position of an orifice 
leading down through the tubular style into the cavity of the ovary. 
In many cases the stigma is seated immediately upon the top of the 
ovary, without an intervening style (Poppy, Tulip). Plants bear- 
ing their ovules in such closed ovaries are called Angiospermou!, or 
coyered-seeded. ^ 

28. In Pinos, Firs, the Yew, Juniper, and in the exotic family of 
the Cycads, the sexual organs occur in distinct flowers ; and these 
flowers are not only devoid of proper floral envelopes, but jreduced 
respectively to single stamens and single carpels, mostly collected 
into male and female cones, Tho anthers of the male cones produce 
pollen, and the carpels of the female cones produce mmhs ; but the 
carpels occur in the form of open scales, and tho ovules are borne, 
naked, upon the surface or the freb margins of the carpels, so that 
the pollen reaches them at once, wi^out passing through a stigma 
and style. Plants with flowers of ,t||8 kind, .with which are asso- 
ciated many peculiarities in the modo^ development of the embryos, 
are called Gymnospermous^ or naked^^aeeded. 

Much difference of opinion still exisls among botanists as to the true 
nature of the female flower in Gymnospeims; but for the pre^nt the above 
explanation will suflice for the student 

29. Thd Angioipermia, eomprebending the great body of the 
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Flowering plants, are separable into two veiy-natural groups, which 
are plainly distinct in the mass, although many complex relations exist 
between them. Distinctive characters of the two divisions may bo 
fopnd in many parts of the organization of ^he majority of the 
plants ; but the most general diflferencc is that which occurs in the 
structure of the emhn/o contained within the seed. 

30. In one division we find that the seeds, with few exceptions, 
contain an emhnjo in which we may distinguish two rudimentary 
leaves, or cotf/Iedons, applied *£000 to face, and having the terminal 
bud, or growiug-point of the stem, enclosed between them. In the 
other di\'ision the embryo presents but one cotyledon, or seed-leaf, 
more or less rolled round the bud, like a sheath. The plants of the 
first division ore called Dicotyledonous, those of the second Monoco- 
iyledonous. 

The character of Dicotyledonous seeds may be readily examined by 
Soaking in hot water a common Bean, a Turnip-seed, and an Almond, and by 
stripping off the skins, the embryo forming in these cases the entire seed.. 
The character of Monocotyledonous seeds may be seen by cutting in half 
(longitudinally) an Oat, wherein the embryo mav bo seen to lie at one 
side of the base of the seed, the great mass of which consists of mealy 
endosperm ; or the little cylindrical embryo of the Cocoa-nut may be fount! 
imbedded in the edible substance opposite to one of the three large black 
spots at one end of the shell. The structure is still more distinct, from 
the absence of endosperm, in certain water-plants, sucli as PotamoyeUm, 
Alisma, and qthers. The character founded upon the embryt^s is not 
absolutely distinctive of these divisions, since in some cases we have em- 
bryos without distinct cotyledons, as in the Orobanchace® among Dico- 
tyledons, and in the Orchidace® among Monocotyledons; but the re- 
mai&iing characters of the respective divisions ai-e well marked in these 
cases, and the exceptions are fewer in this respect than in any other that 
can be selected. * 

31. Dicotyledons and Monocotyledons are naturally divided from 
each other by the general characters of their mode of germination, 
the structure of their stems, the arrangement of the skeletons of their 
leaves, and the number of organs in the circles of the flowers. These 
distinctive characters may be made clear by contrasting them in a 
Table;— 

DiCOTTLEDbNS. MONOCOTYLEDONS. 

Gmnination . — The radicle or root- The radicle never developed ; 
end of the embryo is developed the roots lateral, pushed out 

into a tap-root. (Exorrhiz®.) through the base of the 

cotyledon. (Endorrhiz©.) 

Stems.— bundles of woody sub- The bundles of woodjr sub- 
stance collected into a closed stancealwaysremainingiso- 
drele round a central pith, and lated, and ceasing to grow 
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retaining vit^ity' the outer 
side, by which they produce a 
new layer of vmod every season, 
of growth, (Exogens.) 

Leaves , — The skeleton of the leaves 
formed of repeatedly branched 
and reticulately anastomosed 
fibres {net-rihhed). 

Flowers, — Sepals, petals, and sta- 
mens, and more rarely carpels, 
generally five or some multiple 
of five. 


at the fall of the leaf with 
which they are connected. 
(Endogens, so called from a 
mistaken view of their struc- 
ture.) 

• 

The skeleton of the leaves 
formed of a number of equal, 
• simple, and nearly inde- 
pendent fibres, connected 
only by slender cross fibres 
{parallel-ribbed), • 
Sepals, petals, stamens, and 
carpels, generally three or 
some multiple of three. 


It^may be said that the importance of the above characters is about in 
the order in which they stand in the above Table ; but the character derived 
from the leaves is far more general in the Dicotyledons than it is in the 
IMonocotyledons, while the reverse is the case in regard to the character 
of the flowers, which is very constant in the Monocotyledons, while the 
number four, and even three, is far from rare in the Dicotyledons. 

32. The ripe seed of the Gyranospermia is very much like that of 
Dicotyledons ; but the leaves of the embryo are either more numerous, 
or, if but two arc present, they are slit into lobes, whence these plants 
have been called Polycotyledonous. 

33. The germination of the seed of all the Sperm ocarpia or Flower- 
ing plants consists in the emergence of the embryo, more or less 
completely, from the seed, and in the unfolding of its rudimentary 
vegetative organs, the radicle, the cotyledomiry leaf or leaves, with 
the stem connecting them, and which terminates abo^ o in a little bud 
called the plumule-, the suljscqucnt unfolding of the plumule gives 
birth to the first true leaves. Hero, then, we have represented all 
the kinds of organs of vegetation which will form the first objects 
of our investigation, namely the root, the stem, and the leaf, together 
with the hids, or compounds of nxdiment-qry stem and leaves, which 
occur at all gro\nng-points of the plants possessing these organs 
(Axophyta) (fig. 2). 

The phsenomena of germination may be conveniently observed by sow- 
ing some Turnip-seeds and Oats in a ftiucer of moist sand covered by a 
bell-glass. 
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Sect. 2. The Boot. ‘ 

34. The root may be described in general terms as the descending 
leafless portion of the axis, or the prolongation downward of that 
ce^itral body the opposite extremity of which is directed upwards 
and bears the leaves and reproductive organs (fig. 2). Another 
character of general although not of universal application is, that it 
is the part of the plant which penetrates into tlie soil, and which 
serves at once as the principaji. organ of attachment and of nutrition. 


Fig. 3. 



A seedling Bicotrledonoae plant, Lily of the V alley ( ConvaUaria mafatis), 

with an ascending and a de- with a subterraneous creexnng stem 

eoending axis. and adventitious roots. 

The statement that roots descend, is subject to slight formal exceptions 
in the cases of the lateral ramifications of roots, and of the lateral roots 
formed by parasitical and by certain climbing plants, which often retain 
their original direction, making a more or less ootuse angle with the stem 
from which they rise. These trifling exceptions are far less noticeable 
than the deviation of the stem from its general character as the ascending 
part of the axis, since in a large number of perennial plants the direc* 
tion of the main stem is constantly horizontal ; stems or this kind are of 
frequent occurrence among perennial herbaceous plants, and are ordinarily 
termed by gardeners ** creeping roots;” for example, those of the Lily of 
the Valley (fig. 3), Garden ^ag, Couch Gras^ &c. 

35. The true root exists in a rudimentary fo^n (as the radicle) 
in an early stage of the existence of all plants forming stems ; 
hut the original radicle, the rpal inferior extremity of the axis, is 
only developed into an actual root in the Dicotyledons; in the 
Monocotyledons, and in the stem-forming Flowerless plants (such as 
the Ferps), the rddicle is abortive, and the efficient roots are really 
lateral organs, comparable, in a certain way, to the leaves upon 
the ascending part of the stem, * Whm |he primary radide is deve* 
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Fig. 4. 


loped, we have a true ors axial root (fig. 4) ; but the roots which are 
produced from the sides of stems are termed 
adventitious roots (fig. 3). 

The axial root may be seen well in any seed- 
ling Dicotyledonous plant, as in a young Bean 
or Turnip ; and by watching the germination of 
a few seeds of such plants, the development of 
the radicle into the axial root may be readily 
traced. The axial nature of the root is cjiearly 
evident in the full-grown plants of most annual 
garden species of Dicotvleaons ; and in shnibby 
and arborescent perennials of this class the axial 
root is persistent, growing by annual increase 
into a large woody mass, proportionate to that 
of the ascending stem or trunk. 

The origin of adventitious roots may be ob- 
ser\'ed in germinating seeds of Monocotyledon- 
ous plants, such as grains of Oats, Wheat, &c. ; 
but their essential diameter may be still more 
clearly distinguished in plants which form ad- 
ventitious roots on well-developed stems and 
bud-like structures. The fibrils which sprout 
from the joints of the stems of numerous creep- 
ing plants (( i round -Ivy, Mint, Sand-Sedge, &c.), ®<>ot of the Mallow {Malwt 
the clamping roots of Ivy -stems, the roots of an \foi%a). 

Onion-bulb, &c. afford familiar examples of adventitious roots. 

36. Axial roots branch, apparently by a kind of bifurcation of the 
growing point or points, and they vary to a certain extent in the rela- 



Fig. f). 


tivo development of their parts. Where the branches 
are comparatively small and the central axis is both 
thick and considerably elongated, the root is called 
a tap-root (fig. 5) ; where the branches are deve- 
loped so that the principal axis is lost as it were in 
its own ramifications, the root is called fibrous 
(fi?:. 4). 

The branches of the root are, in the first instance, 
regularly arranged in rows one above another. 

The number of rows varies in different cases ; and 
the regularity of disposition is soon lost. • 

When the tap-root exi^sts in herbaceous plants, it 
often exhibits a more or less succulent character, and 
becomes a tuberous tap-root, as in the biennial Turnip, 

Carrot, Beet, &c., where this organ is ^culiarly de- 
veloped in the first season of growth, to serve" as a 
reservoir of nutriment. Tlie tendency of such plants 
to exhibit this character in excess under the influ- *Pumf«wra T%i>-root of 
ence of stimuli, renders them extremely valuable for (na«cit« 

economic purposes. The fibrous rootlets upon the sur- **'* 
face of tuberous tap-roots, likei4he Carroty Parsnip, &c., appear to be 
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mostlj true branches. A distinction is made in^escribing tuberous roots, 
between those which are fiist/onn, as in the Ctirrot, a\id those which are 
napifomif as in the Turnip. A woody tap-root is found in many forest 
trees, as, for example, in the Oak ; but nere the A^ranches share more 
extensively in the increase of size, and their direction tends more to the 
horizontal. Fibrous roots are particularly characteristic of plants growing 
in light and sandy soils ; the perennial, woody forms are especially charac- 
teristic of shrubby Dicotyledons. 

In general terms it may be stated that the form assumed by the roots, 
whether true or adventitious, iwn direct relation to the medium in which 
they grow and the purposes they hare to serve. ^ 

37. Adventitious roots (fig. 6) 
alon/> occur upon Monocotyledons 
and Flowerlcss plants, sinco their 
radicles are never developed ; they 
are also necessarily the only kind 
which can occur upon specimens of 
Dicotyledonous plants which have 
been raised, not from seeds, but from 
cuttings, layers, tubers, tfec. They 
arise from ^oskle of the stem which 
gives birth to them, and most readily 
in the vicinity of buds or leaves. 

They take their origin from the 
cambium-region, lying beneath the 
epidermis, rind, or bark of the stem, Tuftofflbrouaadvontitiou»rooUofsGni«». 

and break their way out through this, raising up a more or less evident 
and persistent rim, termed the coleorhiza ” or root-sheath j and when 
they decay, they leave a scar in the form of an orifice at the point where 
they emerged. These scars are obliterated by bark-structure in woody 
Dicotyledons ; but in creeping rhizomes, bulbs, kc. they are persistent. 
Adventitious roots of Dicotyledons appear to branch in the manner of 
axial roots ; but the branches of the adventitious roots of Monocotyledons 
are adventitious, and exhibit a coleorhiza. 



38. Adventitious roots are very 
variable in form and consistence. 
They may be fibrous (fig, 6), or 
tuberous, and are not uncommonly 
of intermediate charactdt in the 
Monocotyledons, consisting of more 
OP less thick fleshy fibres. Either 
the fibrous or tuberous form may 
occur exclusively in groups of Ad- 
ventitious roots, or such groups 
may contain roots or rootlets of 
both kibds* In arborescent Mono- 
cotyledons the adventitious roots 
acquire a woody character and ^eat 
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size ; in herbaceous Monocotyledons they are commonly annual^ or, if 
iuheroits, biennial. 

The adyentHious roots of Monocotyledons are generally soft, 

much elongated, and little divided, like those at the base of bulbs of thp. 
Hyacinth, Onion, &c. (fig. 10). A mixture of fibrous and tuberous adven- 
titious roots, forming what is called a h£cic^dat,e rootj occurs in Hemero- 
caUisy and in Hanunculm Ficaria (fig. T), A peculiar modificatiod of this 
structure is found also in most terrestrial Orchids. In Spiraa FUipendtda 
the fibrous roots exhibit tuberous thickenings at intervals., 

39. The youngest parts of rootlets, whether branches of axial roots 
or adventitious roots, often exhibit a coat of delicate cottony hairs, or 
JihrillcBy which are thread-like growths from the epidermis, and are 
thrown ofi'in perennial roots when the epidermis gives i)lace to therlnd. 

These^^nV« must be distinguished from the ultimate ramifications of 
the root itself, which are sometimes very fine. Their nature will be ex- 
plaiii(‘d under the head of the Anatomv of Hoots. Examples may be found 
in pott(?d Geraniums ( Velar gmium), lleaths, &c., or in the roots of many 
Monocotyledonous bulbous plants and Grasses growing on light soils. 

40. Roots of ordinary plants bury themselves in the soil ; those of 
water-plants, usually more succulent in their texture, penetrate the 
mud, as in the Water-lilies, or hang freely down in the water, as in 
Duckweed and the Water Crowfoot. A number of plants exhibit what 
are called airml roots, which are always adventitious ; and these may 
be cither the sole radical organs of the plant, or roots developed high 
above the ground but growing down to reach the soil, or they may 


Fig. 8. 
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be converted into organs of support for a weak stem. In t^:ue,para- 
sitical plants the roots, more or less developed, attach themselves to, 
a^become organically blended with the roots or stems of other plants. 

^The plants called epipht/tes^VLch as the aerial Orcbids, various Araceous 
plants, and members or the lane-apple family, are possessed of aerial roots 
alone, '.The stem of such plants rests upon some foreign body, such as the 
branch of a tree, totjillv unconnected with the earth, and produces long 
adventitious roots which hang suspended in the atmosphere, from which 
th^ absorb their food in the sjate of vapour. Roots developed in the air, 
and subsequently descending, present themselves in various conditions. 
One of the most remarkable is that which is observed in the 3Iangrove.s 
(fig. 8) (Rhizophoraceas), where the seed germinates in the fruit while 
thedatter is still attached to the tree, and di*ops down its long radicle 
until it reaches the mud in which these trees grow, so that the stem of 
the young plant is enabled to establish itself firmly in the uncertain soil 
before it detaches itself from the parent. This is an axial root. In the 
Banyan tree (Fictis indka) adventitious roots are frequently developed 
on the branches, which, descending to the earth, penetrate into it and 
become supporting columns, which ultimately assume the appearance of 
trunks, ana give the tree the appearance of a group or even a grove of 
trees united together at their heads. The roots of tlie arborescent Mono- 

Fig. 0. 



Tandawu odoratUnimuBt the ScreW'inoe, with adventitioaf root* anpporting the trunk. 
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cotyledons partake to a certain extent of the same character; and those 
of JPalm-trees are observed to arise successively one above another in a 
spiral course near the base of the stem, growing outwards and downwards 
to penetitite the CTopnd, the older ones ultimately decaying. In the 
Screw-pines (PanmntLs)^ plants growing on the shores of tiie Indian 
Islands (fig. 9), this is still more striking and distinct, as the spiral line 
which they form is more open, and the roots arise for a long waWup the 
stem; here also the older roots and the base of the stem decay^ so 
that the whole plant comes to be supported by the lateral adventitious 
roots, as on so many props. Aerial roots bpcoming organs of attachment 
may be seen in the climbing stems of Ivy, of the garden Bignonial^ Thcoma 
• ramcans^y &c. 

l^arasitic plants developed from seeds present, in their earliest stages, a 
radicle which in some cases becomes developed, in others not, or omy in 
a peculiar manner. Some germinate in the usual way, in the earth, and 
tlieir roots seek out those of their proper nurse-plants, to which they 
attach themselves organically, either superficially or by penetrating deeply 
into the interior ; in such cases they may be wholly parasitic, as in the 
l(‘afles8 Broom-rapes {OrohanchacetB)^ or only partly dependent, as in 
Thesiunij lihinatUhttSj and Melampyrttm, Others germinate in the usual 
way in the soil; but their young stems attach themselves to those of 
other plants by adventitious roots developed at the points of contact, while 
the lower part of the parjisite, connected with the ground, soon dies away, 
as in the Dodder (Ciiscuta). The woody parasites, Mistletoe (Fwcmw), 
Muzodendronj and others, are developed from seed upon the spot where 
they are attached. In the Mistletoe, tlie seed clings by its viscid pulp ; 
in 'Myzodmdnm by coiled haiiy arms ; and when me radicle sprouts, it 
drives its way through the rind of the nurse plant imtil it reaches the 
cambium layer, where it connects itself organically, becoming grafted 
exactly like" a budded rose. No further development of root-structure 
occurring h(‘re, the full-grown plant appears rootless, and like a branch or 
graft upon the nurse tree. The earlier stages of growth of the Rhizantheae, 
root-parasitt?s composed chieflv of iiifiorescence, are not known ; probably 
they are analogous to those ot Viscum in the first instance, hut with the 
addition of horizontal growths of stem-structure beneath the bark of the 
nurse-plant. 

41. Roots, as a general rule, are destitute of leaf-buds, which fact 
serves to distinguish them from rhizomes dr rooUsiochs (stems), ’ 
But under certain circumstances, roots, as indeed every part of the j 
vegetable structure, may be made to form buds, but always from the ♦ 
sides, never from the end as in stems. Somatrees are especially prone 
to this, and may be propagated by cuttings of the root, such as Pyrus 
japonkuy Madura aurantiacay the Plum-tree, &c. The root of the 
Anemone Jajoonica likewise produces buds very readily. 

• 

Sect. 3. The Stem. 

42. The stem is the ascending portion of the 'axis, of a plant 
(fig. 2). It is characterized by its growth taking place m a Erec- 
tion contrary to that of the roots, and by bearing on its sides r^- 
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larly amnged leaves or modifications of leaves, forming the lateral 
OP appmdicular organs. 

An exception to the ascending growth occurs in the case of creeping 
s^ms, where the main axis takes a more or less horizontal position ; but 
the first shoots of such plants, developed from their seeds, ascend, and the 
secondary axes, which bear the efficient leaves, assume the erect position^ 
as is seen in the tufted habit of groi^ih of plants with a subterraneous 
main stem. 

43. Every stem is develpped from a bud, which consists of a 
eonical rudiment of the stem bearing rudimentary leaves crowded 
upon its sides. . The primary bud of the stem of Flowering plants 
presents itself as ihoplamuh (fig. 2) of the embryo ; and so long as 
this axis continues to grow, a bud (the terminal hid) is found at its) 
extremity. The branching of a stem depends upon the development! 
of lateral buds, which as a general rule appear only in the ajcil or 
upper angle between the base of a leaf and the stem, whence they 
are called axillary buds. 


There is in many embryo plants a small portion of the axis intermediate 
in structure as in position between the true root and the true stem (fig. 2). 
This ** hypocotyledonary axis^* often gives offshoots, by which it may dis- 

tinguished from roots ; moreover it is either cylindrical or tapers upwards, 
while a root tapers in the opposite direc- jo 

tiem. This hypocotyledoiiary axis forms o- • 

the trunk of the extraordinary plant A m 

called Wdwitschia, hereafter described. ^ 

44. The place whence a leaf arises 
marks the position of a structural re- aop 

giop endowed with special physiolo- 
gical activity ; it defines externally a 
point where the internal tissues have j /¥« 

a peculiar arrangement. Hence a ^ uK 

particular name is applied to it, that r | 

of node ; sometimes a kind of ariicu- r:^ I 

lation of the stem occurs at this point, 
but not as a general rule. The in- d 

tervals between the points of 
of leaves are called the intemodes, 

In buds, the intemodes are not yet 
developed. In a large majority of 
ascendingstemSjtheiufcemodesbecome 

considerably developed, so tb^t the Wm. . mw.— p. 

leaves ultimately appear stationed at 

distinct intervals. In many subter- 

ranean ^sterns, af the lower part of ^ ^ 

the stems bf many herbaceous plants of Ptantaqo ntfjia Warinff* 

(fig. 10), and in the trunks of many ielJJJ.ISt'lT..* 
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of the arborescojjt Monocotyledons, the internodes never become much 
lengthened, and tile leaves in consequence appear closely packed and 
more or less overlapping in the fuU-growii plants. 

The relative development of the intemodes is next in importance to 
the Older of arrangement of the axillary buds, in affecting the general 
forms of stems. A clear idea of the conditions may be obtained by 
examining, in the first instance, what occurs in the unfolding of the bud 
of such a tree as the Horse-chestnut. In the bud the enveloping scales, 
the rudimentaiy leaves, and even the bjossom may be distinguished, 
crowded on the undeveloped axis. As the leaves emerge and expand, 
they become separated from each other by the elongation of the mter- 
nodes of the stem, mitil at length tliey stand at considerable distances 
along the sides of a shoot several feet long. This may be illustrated by 
comparing it to tho separation of the joints of a telescope, when its 
lengths of tubes arp successively pulled out. Examples of permanently 
unaeveloped internodes are seen in the rosette-like oftshoots of House* 
leeks and of many other herbaceous perennials — in the first season’s growth 
of such plants as the Tuniip, CaiTot, Canterhury-hell, and indeed of 
most biennials, where the leaves all appear to arise from the root — in 
the bulbs of many Monocotyledons, such as the Crocus, Hyacinth (fig. 10), 
&c. In these cases the flowering axis which subsequently appears often 
dt^volopes its internodos considt;rnbly, and rises as a tall stem. An inter- 
mediate condition is met with in steins which are elongated, but have the 
loaves closely overlapping, as in the common Stone-crop, many Coniferous 
trees, many l^ilnis (fig. 27), &c, j 
and a similar condition exists in 
the suhterraueous root-stocks of 
various plants, where the imper- 
fect sheathing leaf-scales succeed 
each other at short inter\"als. 

45. In the embryo of a 
Flowering plant it is scarcely 
possible to define the limits 
even of the stem itself, which 
loses itself above in the plu- 
mule, and below in the radicle. 

But in fully-developed stems, 
a general ^vision into three 
regions may be distinguished, 
according to the kind of lateral 
organs which they bear, viz. ; 

1. The region (fig. 

11), which is mostly subter- 
ranean in its habit, and pre- 
sents itself with more or less of 
the external appearance of a 
root.of auenlargedflcshybud, 


Fig. 11. 
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or of a combination of these two. The leaves upon this are never 
green^ but are of fleshy or membranous texture and simple forms. 

2. The Leaf region, forming the ascending stem of plants generally, 
especially characterized by the green colour and great development 
ol* the foliage. 

3. Th© Brad region, which is also known as the Injhresceneey is 
distinguished by its smaller, more delicate, and sometimes coloured 
leaves, the axillary buds of which produce blossoms. 

The extent, both positive and relative, in which these re^ons are re- 
presented is difierent in almost every plant ; but a few generd statements 
may be made serving to illustrate the subiect. The leaf-scale region is 
developed chieflv in herbaceous perennial plants ; and the principal modi- 
ficadons of it will be examined below under the heads of Rhizomes, Bulbs, 
and allied structures. It may be observ ed that the leaf-scales or abortive 
‘ foliaceous organs are almost exclusively composed of the stalks or sheaths 
of leaves, without any part corresponding to the blade; exceptions to 
this, illustrating the ride, occur in tunicated bulbs like the Hyacinth 
(fig. 16), where the inner scales bear a green blade standing out free at 
^e top of the bulb, and again in various subaquatic Grasses with 
creeping stems, in which the lower parts of the annual shoots often exhibit 
large open sheaths with small rudiments of blade at their summits. The 
region bearing perfect leaves forms the principal part of the axis in arbo- 
rescent plants, where the leaf-scale region occurs only at the points where 

Fig. 12. Fig. 13. 


ledons and the Vest of the stem is'a 
trae-leaf atmk with flowen in the axils of 
its lenves. ’ 

the protecting scales of the autumn* buds are produced | the scars of the 
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leaf-scalesj crowded together from the non-development of the intemodee 
are very visible at the base of the yearly shoots of many trees, for ex- 
ample, of the Horse-chestnut : other trees reproduce, as it were, their 
cotyledons at these ppints ; the Jasmine, for example, exhibits a pair of 
broad undivided leaves near the base of each annual shoot. In annual* 


plants the leaf-renon is predominant, but the bract- 

region is relatively more developed than !n trees j Fig. 14. 

and the same holds good of perennial herbaceous « 

plants. In arborescent plants the bract-region usually 

does not present itself until the leaf-regiop^ of many 

years have been formed, and even then it is gene- 

rally formed from branches of the axis which have a ^ 

subordinate share in giving the special form to the 

entire plant ; sometimes, however, the form of the Y 

ramification is much affected by the position of this \ ;| 

region, as in the Horse-chestnut, Lilac, and other Jy 

trees, where, the terminal buds of shoots are deve- W 

loped into an inflorescence, which of course puts a 1 

stop to the onward growth at these points. L ^/vJI 

46. The Leaf-scaled stem, found especially 
among herbaceous perennial plants, is seldom con- ^ 
tinuous with an axial root ; on the other hand, it i ^ 

is very prone to produce adventitious roots, as is 
natural to its usually subterraneous or creeping 
mode of growth. AVlien its intemodes are regu- w 
larly although slightly developed year after year, Diagram of a plant of 
it forms an abbreviated stem, horizontal or ascend- ^J*^eaf * 

ing, either below or above ground. If the main leaf and bract regions 
axis persists, producing a few branches each year, 
and as it grows at one end slowly dies away * 

at the other, a more or less root-like structure is produced, termed 
a To ot-sto^ L.x\x (hgs. 11 & 22), If the growth of each axis , 

decays away at regular intervals, so as to isolate the products of the 
succeeding axes, the result is different, and, instead of a branching 
rhizome, the axis resolves itself into a number of detached portions, 
in the form of cqxxoA, If these detached portions are chiefly com- 
posed of leaf-scales, with the undeveloped stem small, so that they 
represent enlarged buds, they are called 6«?fed (figs. 16 & 16). Another 
reproductive structure belonging to theleaJlBcale region of the stem 
is the juftgr (fig. 19), which consists of a fleshy thickened subter- 
raneous aSs, arising in the axil of a leaf-scale^ having its own in- 


ternodes considerably developed, so that its leaf-scales are scattered, 
and cover isolated buds or eyes.’^ Tubers of analogous character are 
sometimes formed from aerial branches, as in many epiphytic Orchids, 
where they have a green colour and are known as p$eud4)zb t^. 

47. Th e Btdb (fig. 16) is a stem remaining permanently m the 
condition of a bud. Its axis consists of a diak or shortly conical 
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plate, the upper surface of which arise leaf-scales of fleshy 
character more or less overlappiug each other,* and enclosing the 
points of growth, while one or more circles of adventitious roots are 
^ven off from the base (fig. 16). Bulbs are ’named, according to 

Fig. 16. 


TonicAteS bnlb of ibe Garden Hyacinth, cnt 
through {perpendicularly, showing the leaf* 
Scales arising firom the abbreviated stem 
(6). and the yoo^ bulbils or cloves (o, a) 
formed in the axito of leaf-scales. 

tfle character of their leaf-scales, scaly or squamose when these only 
partially overlap (lily), and tunkated (Onion, Hyacinth), when the 
scales form complete sheaths. Bulbs produce flowering axes eitherfrom 
the terminal or from axillary bu^. They ore m^tiplied by buds 
developed in the axils of the scales in the form of new bulbs {chves^ 
fig. 16 a, a), which sooner or later become detached. When a bulb 
flowers from its terminal bud in its first season of growth, it is 
annual ; when it only strengthens itself by forming scales in the 
first season, and flowers from the terminal bud in the second, it is 
hUnnicd ; when it floweA from an axillary bud, the terminal bud may 
be developed in the same form indefinitely and form 2^ perennial bulb. 

The number of leaf-scales coustitating the mass of a bulb varies much 
in different plants : in Gagea, AUmm vmeaie. and o^eis there exists only 
one ; AlUum oleraeeiim has hut tiro ; the Oaraen Tulip and Crown Imperial 
have comparatively few scales, while the Lilies ana the Hyacinth (fig& 
15 & 16) have mumerous coats or scales. A little explanation is requi- 
site as to. the terms annual &c. as applied to bulbs. We iiave an example of 
what is culed an ammal bulb in the Garden Tulip. As planted in autumn, 
it is a bud cchnposed of four or five scales enveiopizig a central rudimen- 



Fig. 15. 



Scaly bulb of TAlivm eandidum, with 
adventitioiu roots. 
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* tary flowering stem wHc^ ienninates the main axis. In the axil of the 
outer scale there is an axillary bud. As the flowering stem is developed 
the old bulb shrinks^ while the axillary bud becomes more and more 
perfect ; so tha^ aftex; the flowering season is over, it forms a new ‘ 
bulb, to the side of which the withered remains of the old one are^’ 
attached. The terminal point of the new bud repeats the flowering, and 
its outer scale (sometimes the next also) subtends an axillary bud destined 
to become a new bulb in the next season. Such bulbs are sometimes 
called pr(Bveniiti(mf since the bulbous structure of any given axis is 
formed before fie true leaves and flower. The Crown Imperial {FriUUaria 
hnperialis) affords an example of a biennial bulb. Examined in the 
autumn, it is found to consist of fleshy scales produced at the lower part 
of the axis which has iust flowered ; while a bud seated in the axil of the 
innermost of these scales is already developed, and by the decay of the Old 
flowering stem has come to occupy the centre of the bulb. In the next 
season this bud flowers : at first it is surrounded by the scales of its 
parent axis j but after the flowering is over, these very quickly shrivel up 
and disappear, the axis which has just flowered giving origin at its base 
to a number of scales replacing them ; and while the flowering stem 
decays away down to these scales, a new axillary bud is developed in the 
axil of its innermost or uppermost basal scale. Thus the bulb always 
bears growths belonging to two seasons on the same axis ; the nutrient 
leaf-scales of each axis are developed upon it after it has flowered, and 
ser\'e for the support of the flower of the next axis. Such bulbs are 
sometimes called podventitm^y and may be termed definite to distinguish 
thorn from the next kind. Permnial bulbs difler from the foregoing 
in retaining the products of the condensed axes of several years in a healthy 
vegetative condition. Thus, if we examine a bulb of the Garden Hyacintn 
(fig. 10) when it is flowering by its terminal bud, we find the base of the 
flowering axis surrounded by several leaves belonging to itself ; the whole of 
them stand in the axil of a scale belonging to the preceding year, which fldao 
contains the short remnant of the flower-stalk of that year ; and to this 
scale succeed several more, all belonging to that same axis ; these more- 
over stand collectively in the axil of the innermost of a series of scales 
belonging to the year before, remains of the flower-stalk of which are 
also sometimes visible, finally, on examining the axil of the innermost 
green leaf of the present year, we find, nestled between it and the base of 
the flower-stalk, the bud which is to form the axis of the next year. 
Therefore this bulb possesses structures or axes belonging to four distinct 
generations. The bases of the green leaves expand into fleshy sheathing 
coats after the flowering of the axis which gives rise to them ; and the 
decay of their blades, which extends to the stimmit of the bulb, ^v^ 
rise to the ragged or mtten-qff appearance of the latter. These bulbs are 
postvefUitious like the last kind, but may be distinguished from them as 
indefinite, * 

48. ^0 Corm more or less resemblAs a bulb externally, but con- 
sists principally of a stem with little-developed intemodes, thickened 
into a fleshy b^y, and bearing leaf-buds at one point, either at the 
summit, as in the Crocus (fig. 17), or at the side, as in CctchuAm. 

The corm of a Crocus examined very earily in spring exhibits a primary 

c2 
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axis in the form of a roundish mass bearing the -adventitious roots below, 
and giving rise above to one or several tufts of leaves. The bases of 
the leaves, outside which are a few membranous scales, being at first 
* sunk in the parent axis, these tufts or rudimentary branches are not 
’^readily distinguished as secondary axes ; but the 
terminal bud soon grows out to produce the flower. ^^8* • 

After ‘the flowering is over, the intemodes be- 11 

tween the scales and the bases of the men leaves m ^ 

become developed both vertically and also hori- 
zontally, so as to convert the base of each flower- 
ing stem into a new corm. When about half- . ’“A 

grown the new ^rms stand out as globular bud- I . " ! ■ J 1 

like structures on the top of the old corm, which X: A- 
is* gradually exhausted, and decays away, so as 
to set its progeny free. In the axils of the upper- /f'Ltn \ 
most leaves of the flowering stem are developed ¥ ( ' I ^ ^ 1 

new buds (which exist even before the conn be- Corm of the Garden Crocus, 
gins to sprout in spring) ; arid as the new conns pcrpcndicu- 

are perfected, the buds imbedded in their summits 
form the ruaiments of the leaves and flowers of the next season, sprout- 
ing out in the spring, each to reproduce a corm. Hence in a conn taken 
out of the ground a short time after the flower withers, we find three 
sets of axes : — 1, the withering parent corm ; 2, the young corrns branching 
from this, formed from the bases of the flowering stems ; and, 3, the 
axillary buds of the leaves of the latter, forming the resting buds at the 
summits of the new corms. 

In Colchicum autwnnale the conditions are somewhat different. When 


the plant is flowering, in autumn, we find the flowering stem attached to 
the side of the "base of the corm ; the flowering stem is surrounded at its 
base by sheathing scales and rudimentary leaves ; in the axils of the two 
lewest leaves exist minute buds, and the intemodes between these leaves 
are slightly developed. The flowering-stem then withers down to the 
groimd, and during the winter the internode between the two buds swells 
and forms a new corm, the old one shrivelling up. The leaves appear 
above ground in the spring, proceeding from the apex of the corm, and 
the bud at the side of its lower end shoots out to form anew lateral stem, 
which produces sheaths and rudimentary leaves, and ultimately fornu the 
flowering stem of the next autumn, the base pf which repeats the forma- 
tion of a corm in like manner and shoots up its tuft of leaves in the fol- 
lowing spring. The corm being formed from the intemode between the 
buds, the lower of those is, to a certain extent, basilar as well as lateral, 
while the upper one appears near the top of the perfect corm, rather to 
one side, near the scar of the old leaves and flower-stalk ; this bud may 
or may not be developed into a corm simultaneously, but in any case 
it becomes detacbea 4om its fellow when the old corm shrivels up, and 
liius may multiply the' plant. • 

Tke corm of Arttm maculatumf examined in spring, exhibits two lobes, 
with an intermediate constriction ; they lie adjoint horizontally ; the 
corm of the past year is shrivelled ; the other is solid, and at the summit 
exhibite sheathing scales enveloping the base of the erect flowering stem. 
Opening the sheath, which turns upward, we see that the flower arises 
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from a terminal bud, ^bile in the axil of a leaf ariaing below it exists a 
bud which is destined to swell up and form a new corm for the next 
season, the oldest one^ meantime withering away ; so that two genera- 
tions with the rudiments of the third always coexist ; these generations*' 
may consist of a greater number of individuals when additional ^rms 
arise from the axils of several of the scales of the parent coruL * 

49. The Stem^tuher is either formed from 
the base of a stem, or from a branch arising 
from a subterraneous leaf-scale (fig. 19), deve- 
loped either partially or entirely into a thick 
and fleshy mass, by expansion of its spongy 
structure, its own leaves appearing in the form 
of rudimentary scales, in the axils of which 
exist dormant buds, or eyes, capable of pro- 
ducing independent stems when the ttiher 
recommences its development after a season 
of rest. 

Axial tubers occur in many herbaceous plants, 
as in Corydalis hiUbosa; when of annual dura- 
tion, these are essentially the same as corms. 

The tuber of the Potato is a familiar example of 
the stem-tuber formed from a branch, in which its 
characters may be readily observed ; a number of 
leaf-scales at the base of the haulm ** send out sub- 
terraneous branches, which at some distance from 
the point of origin cease to elongate, and swell up 
into tuberous masses. The tubers of the Jerusalem Artichoke (fig. 19) are 
analogous productions. Stem-tubers passing more or less into rhizomes form 

Fig. 19. 

I 





8tem-tab«n of the JeruMlem fkr^ehoke (Setianiku* 


Pig. 18. 



Boot-tuber formed et the 
base of the stem of Buniwn 
JBulboeattanum. 
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tho so-Oalled roots of the Bryonies {Tamm ammtmh KnABrymia dioica)^ 
, of the Sweet-potato {Convolmdas Batatas), and the species of Dioscorta 
.yielding yams.” The tubers of the terrestrial Ojrchida are chiefly com- 
posed of radical structures. If we examine the twin tubers of Orchis Morio 
?fig. 20), we find one at the base of the flowering stem (a), which towards 
the close of the season is withered, while the other {h\ crowned by a 
bud (*), is solid and healthy ; in the axil of the lowest leaf of this bud 
exists another bud in a rudimenta^ state ; and as the oldest tuber shrivels, 
this swells out and assumes its form, in the next season appearing as 
the bud-tuber, while its parent becomes the tuber of the flowering stem. 
The greatest part of the mass of these tubers consists of a swollen adven- 
titious root (§ 3'7), which is intimately blended with a few little-deve- 
loped stem-intemodes and the terminal* bud. In some cases these tubers 
are rounded ; in others they we divided below, so as to become palmate 
(fig. 21). Tlie tubers of Bunium (fig. 18) belong to the root. 


Fig. 20. Fig. 21. 



Double root-tubers of Orc\i» Morio : Double palmate root-tubers ot O^n^enui 

a, old tuber; 6, new tuber with the odorahtnnia : a, old tuber at the basv of 

bud * for the next season, flower-stem; 6. new tuber, with 

bud for the next season. 

60. The Bhizome or Root-stock is a body composed of an indefinite 
nnmber of corm-like axes permanently connected together, so as to 
form an elongated, root-liko stem, more or less clothed with leaf- 
scales (fig. 22). Its internodes are generally little developed ; some- 
times, however, regions with developed internodes alternate with 
others wherein they ^e undeveloped, giving a nodose character ; 
when it has the intemodes much developed (figs. 11 & 24), it ap- 
proach^ in character (through ‘‘runners'^ &c.)to creeping leafy stems. 
Its texture and apfiearance vary from herbaceous or fibrous (fig. 24) to 
tuberous (fig. 22) ; its direction is usually horizontal, though in some 
cases it is vertical (fig. 23) ; and in the majority of cases it grows 
under ground. 

Eka 9 i|fies of the rhizome are very numerous among herbaceous peren- 
nial plants, both Dicotyledons and Monocotyledons. Ihe Garden-flag 
afford an example of a tuberofls rhizome which may be understood by 
comparing it witn a corm like that of Arum maculatum, and by supposing 
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that the older portions ot this survive for many years, so as to form a 
creeping, more or less branched mass. The Solomon^ Seal (fig. 22), Sweet- 
flag (Acorm)f Gingei\ Water-lily, &c. aflbrd other well-known examples/ 
In some of these (caned definite rhizomes) the flowers appear to be prc^ 
duced by terminal buds, which take an ascending direction and lose them- 
selves in the inflorescence, the onward growth of the stem being Effected 
by means of axillary buds. In other (indefinite) rhizomes the growth 
is continuous by the formation year after year of a terminal leaf-bud. 
Khizomes of more solid texture, but of analogous construction, occur in 
many herbaceous Ferns, as in Asjndium also in most of the 

Kushes (Juncus), many Sedges, and a great variety of herbaceous Dico- 
tyledons, such as the Wood- Anemone, the Primrose, Latkraea ^qaamariOf 
&c. Certain widely extending creeping plants aflbrd examples of rhi- 
zomes with developed intemodes, as the Sand-Sedge (fig. 24), the wire- 
like rhizome of which extends for many yards under the loose sand, send- 
ing up leafy shoots at regular intervals j the stems of Couch-grass, of 
various Mints, and other Labiate plants ; as also of certain Ferns, such as 
LastreBa Thelypteris^ Trichomanes spectomniy and of the Horsetails (Squise* 
tum)f &c. When the i^uzoine iS erect it has much of the aspect of a root ; 
and the ordinary form was termed by the old writers a pramorse root, the 
decay of the lower end giving it the appearance of having been gnawed 
off. Examples of this are not uncommon, as in the Scabiosa succisa — ^in 
various Umbelliferfe, as Cicuta virosa (fig. 23), where the abbreviated in- 
temodes form discoid chambers corresponding with the fistular intemodes 
above, and in the Lady-fem (Athyrium -FV/£r-/a??iifwa), which consequently 
rises above ground like a dwarf tree-fern. In Sparg<mium ramosum we 
meet with a curious alternation of condensed and elongated intemodes, so 
that the rhizomes appear to consist of a number of corms connected toge- 
ther by branches into an erect candelabrum-like assemblage. 

Fig. 23. • 



jear ; e fr aoani of the flowering itons of two pre- Teiiioal rhisome of CBmfa riroeo, 
oeding years. eat through perpendiookrlj. 


51. The Leafy sfsm, or region bearing green foliaceons organs, 
grows above the soil, either in air or water, exposed to tfie influence 
of light. Its form and structure are extremdy varied, depending 
chiefly on the mode of develop^ient of '^e intemodes, the arrange- 
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ment of the leaves and mode of development of.the buds, and the 
extent to which its existence is prolonged. The first cause regulates 
io a great extent the form of the axis, the second the mode of rami- 
fication, and the third the size and consistence of the full-grown 
organ.*; The principal modifications may be most conveniently studied 
under the heads of — 1. herbaceous , and 2. woody stems. 


Fig. 24. 



Sand-Sedge {Cares arenaria), the creeping flbroiu rhizomes rooting at the nodes and 
sending np flowering stems. 


62. Herbaceous stems are produced by annual and biennial plants, 
and in each successive flowering axis of herbaceous perenni^ ; to 
these also are analogous the yearling shoots of arborescent plants. 
Taken by themselves, they are either annual or biennial ; that is to 
say, they bear on the same axis green leaves belonging either only 
to one or to two seasons of growth. Annual herbaceous stems alone, 
of course, occur on true annual plants : they are produced also by 
those perennial herbaceous plants which send up a flowering stem 
from beneath the soil in spring ; and with these are to be included 
most plants forming bulbs and conns. 

In ordinaiy annuals the plumule or terminal bud of the seed shoots up 
at once into a more or less branched flowering stem, and the entire plant 
dies away after the seeds are perfected in autumn. Examples of this 
form may be seen in the. Poppy, the Sweet Pea, Ver^ca hedertsfolia 
(fig. 12), &c. In many perennial herbaceous plants forming rhizomes, and 
in most bulbous plants^ a subterraneous bud snoots up in the early part of 
each season of ^owth, bearing green leaves, and forming a flowering stem 
(fi^. 22Ld); in the'autumn the whole of these structures disappear (c, d), 
wwe les&ag buds (n) are formed in the axils of the lower leaves be- 
neath tibe soO, to repeat the growth in the following season. We have 
examples of this md of stem in thetSolomon’s Seal, Garden Pceony, 
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Aconite^ Anemone, Aspftr^us, &c. The young fleshy shoot with rudi* 
mentaiy leaves which these plants form in early spring is sometimes 
called a turio (this is exemplified in the edible part of Asparagus). The^ 
leafy flowering stems ^f bulbs and tubers, such as those of the Lily, Po-* 
tato, Orchis^ &c., furnish further examples of the annual herbaceous stenfl 

53. Biennial herbaceous stems are found in true biennicyis and 
many herbaceous perennials. They are distinguished by the lower 
part of the axis producing green leaves in one season, and the upper 
portion growing into a flowering stem in the following year. Generally 
speaking, the internodes are little developed in the growth of the first 
season, and the leaves are often larger as well as more crowded ; 
they also frequently die away early in the second season. 

Examples of the biennial herbaceous stem are to be found in such 
true biennial plants as the Turnip, the Canterbury Bell, Thistle, Parsley, 
&c. Here, when the seed is sown, it produces a stem with scarcely deve- 
loped internodes, supporting a number of leaves which form a kind of tuft 
or rosette upon the ground ; this growth remains almost at rest during the 
winter, and in the succeeding spring the terminal bud shoots up into a 
flowering stem. Sometimes several axillary buds also grow up into flower- 
ing stems, giving rise to the condition called “ radix midticepa: ” this jnay 
occur either in biennials or perennials. A similar kind of stem is found 
in such perennial herbaceous plants as the common Daisy, the Garden 
Flag, the Dandelion, &c., where axillary buds are produced at the base of 
the dpng flowering stem in autumn, and grow up above ground at once 
to form leafy tufts, lasting through the winter, and giving birth to flower- 
ing stems in the next season. 

54. The leafy shoots of perennial plants, with their axis and adven- 
titious roots, may be separated artificially, and used for propagating 
the plant (gardeners call this “ parting the roots ’’) ; and certain plants 
are naturally multiplied in the same way, by buds or branches which 
have received special names. Thus the herbaceous flowering stems 
of the House-leeks {Seinpei^ivitm), after flowering, produce buds in 
the axils of their lower leaves which expand into leafy rosettes. The 
parent stem dying down, these are thrown off as detached plants, 
and strike root ; in the following season they send up a flowering 
stalk and repeat the process. The separating tuft formed in the 
autumn is called an offstL The Strawberry-plant in like manner 
produces, in the axils of its leaves, buds which in the same season 
expand several of their intemodes, and form long filiform branches, 
the buds of which give rise to rosettes of leaves, and strike root, and 
thus form independent plants: such shoots are called r«n)i«ri(fig.25). 
In all these cases the herbaceous flowering stem is of two years* 
growth, its branching portion belonging to the autumn, the ascend- 
ing flowering portion to the succeeding spring or suipmcr. 

Special names have been given to certain forms of the herbaceous stems, 
some of which are not very definite, l^tanlsts sometimes call the stem 
of Grasses a agriculturists tjrm both this and the stems of herba- 

c 5 
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6eoud plants generally haulm,” which, in its onginaUftRguftg©) is synony- 
mous with culmus. Neither term is perhaps requisite ; but, if used, tho 
«term culm (cttlmus) should be applied to the unbranched stems of Grasses ; 
•^aulm (eaitiis herbacms) to all otner herbaceous steids with well-developed 
mtemodes. 


Fig. 26. 



Strawberry-plant with runners. 


65. The Woody stem, characteristic of arborescent plants, presents 
itself in two principal classes of form : — one, where it is branched, 
constituting a trunh (Jruiicus ) ; the other, where it is an unbranched 
column, bearing its foliage as a terminal crown, forming what is called 
a stock {caude^. 

These differences depend upon the mode of development of the buds : 
when, as in Dicotyledonous trees generally, axillary buds are developed 
into branches, we find a ramified trunk ; when the terminal bud alone 
imfolds, as in most Palms, the globular and columnar Cactacese, and the 
Cycadacem, a simple columnar caudex is fonned. 

56. The Trunk of arborescent plants arises as an herbaceous stem 
from the seed, but usually becomes more or less woody before the 
close of the first season ; in the autumn it ceases to developo inter- 
nodes at its point, and the terminal bud closes up into a resting 
winter-bud enclosed in leaf-scales ; buds of the same sort are pro- 
duced in the axils of the leaves ; and all or part of them open in the 
following spring, to produce a second generation of axes in the form 
of shoots ; the same process being indefinitely repeated, a branched 
trunk is produced. * If the central stem is not much elongated, and 
the later^ ramifications are numerous, the result is a shrubby plant 
( dumu s): if the growth of the main trunk predominates for a long time, 
but ultimately slackens, and the side branches grow more, the form 
seen in prflinary trees appears (arbor ci/mosa ) ; while if the growth of 
the central stem by the terminal bud is predominant throughout life, 
we have tall i^aight trunks with cijpparatively small branches, such 
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as are seen in the Lombardy Poplar and many Pines and Firs (arbor 
fa atigiata ). ^ 

Besides the di versUy in the relative development of tenninal and lateral 
buds, a great variety of conditions occur in the mode of unfolding of the 
buds and in the destination of their products. By no means all of the 
axilla^ buds of arborescent stems come to development ; and /hey are 
sometimes suppressed in definite order : this, and the mode of arrange- 
ment of the leaves which subtend them, has much influence on the general 
form of the ramification. 

Attention may here also be particularly directed to the dejimte and ind^ 
mte development of the axes. In many trees, such as the Oak, the Birch, 
the Ash, many Pines, &c., the terminal oud of each shoot, if healthy, opens 
out every spring, and developes a new length in the same direction; so 
that, on such branches, the successive years^ growths are distinguishable 
for a more or less considerable time by the scars of the leaf-scafes which 
enveloped the successive winter buds. When these trees flower, their 
blossom emerges from an axillary bud. In other trees, such as the Horse- 
chestnut and the Lilac, the winter bud contains a rudimentary shoot, 
the terminal bud of which produces an inflorescence, and consequently 
this bud is evolvod ento a leafy shoot, the growth of which in length is 
arrested for ever by the terminal blossom, and the shoots of the succeeding 
year must arise from ar illarv buds at its sides. The branching of such trees 
presents a peculiarly bifurcated appearance. The same condition is produced 
in trees when the tenninal buds of their shoots are killed W frosts. 

1'he nrigiiially cylindrical form of trunks often undergoes considerable 
alteration wit h age, depending upon -p. ^ 

peculiar modern of development of 
the woody structure within. lire- 

gulnr prominences occur commonly "Ln feL 

on such rdi’* limbo. -trees as have 
large branch es, greater enlargement 

taking place in the line between ^ .h A ^ 

the base of the branches and the 

roots; tliis is often seen on old jK/L 

Oaks. Some tropical trees produce 

vast buttress-like projections in the 

same way. Tlie forms of the trunk 

of the woody climbing plants .^f 

tropical forests presen t very remark- 

able iiTegularities, arising either 

from a *^wining habit, or from ir- 

regul/>r levelopraent caused from 

lateral pres.surt» or otherwise. In 

some Itinds of Boinbax (fig, 26), 

and in Dehbechea (Bombacem), the 

trunk is swollen out in the shape 

of a great flask between the root 

and the. mam branches. Trunk of a 

57. The Siodc or caudox js an undivided woody trunk, pro- 
duced by the annual unfol^g of. a single tenninal bud. Its 



36 


MOBPHOLOOT, OR COSCPABAtlTE ANATOMY. 


internodes are commonly little developed, so that its sides are marked 
with the scars of its fallen leaves ; sometimes, however^ the intemodes 
are developed, and then the stock has a jointed appearance, from scars 
or^actual articulations at the nodes. The stocks of the Cactacem are 
remarkable for their form and consistence; their lateral buds are 
develop&i into tufts of spines, which are the representatives of the 
leaves of undeveloped branches. 

The stock of the Palms exhibits considerable variety of form. In the 
Cocoanut- (Cocos} and Date-palms the intemodes are scarcely developed, 
and the scars of the leaf-stalKs, arranp^ed in spiral order, cover the sides ; 
the same holds good of the stock of Cycas and its allies, of Xanth&rrh<sca, 
Kmgiay and other arborescent Monocotyledons, and also of the stock of the 
Tree ferns (fig. 29). In other cases an intemode is more or less deve- 
loped between each leaf, and the stem is smooth, but marked by a suc- 
cession of scars running nearly round the stem, as in Mauritia and Astro^ 
caryum ndgare ; in Geonotm and Chaniadorea the intemodes are deve- 
loped and the nodes thickened, so as to appear externally somewhat like 
those of the stems of Grasses, but they are not really articulated nor hol- 
low like the latter. The cmidex of the Palms furnishing the common Cano 
(Calamus) is chiefly distinguished from the last by the slenderness and 

Fig. 27. 



Rig. 27. Palm-fcrec (Areaa) with nnbrsnched caucbi. 

Pig. 2S. Branched trunk of the Pouni Pohii tkebaioa), 

extreme len^h of the intemodes. Many of these Palm-stocks, which are 
simple in tneir principal mass,* send out axillary buds at or below the 
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ground, which form ruilndlrs, and ultimately gjrow up independently of the 
parent. The aerial ’stocks of a few branch high above the ground, as in 
the Doum-palm (fig. 28), and in Pandanua (fig. 9), where the terminal 
bud appears to undergo successive bifurcations, but really sends off at 
intervals single axillary buds, the development of which soon equals that 
of the parent axis, and causes the deflection of the latter so asj^o give 
a forkea appearance. A similar mode of growth is observed in certain 
Hsemodoracese (arborescent Monocotyledons, natives of S. America), also 
in the Liliaceous genus Yucca, The stocks of some of the Cactacese are 
undivided, as in Melocactua (fig. 31), Echmocactmf and MamiUaria^ &c. ; 
hut in others a few branches arise, giving a compound character, as in 
various species of Cerem (fig. 32), and in the leaf-like stalks of Opuntia 
(fig. 30). Analogous structures occur in foreign species of Euf^orpia, 
The Elephant’s-foot plant {Tamm elephaniipes) possesses an extraordinary 
stock, consisting of a large and solid woody mass of rugged appearance 
and perennial growth, from which slender annual climbing stems arise, 
dying down again each season, while the stock slowly increases in size. 


Fig. 29. 



Fig. 29. An arborescent Fern with unbranched caudex. Fig. .31. Stem of Utlocaeim, 

Fig. 30. Stem of Opuntia, Fig. 32. Stem of Cereut, 

58. In the description of stems generally, certain technical terms 
are in use, in addition to those above explained. These refer prin- 
cipally to — a. CA)7isi$tcnce ; b. direction and habit o f growth ; c. form ; 
d. condition of surf acc ; e. ramification ; and f. Uimensiom, 

а. The terms herbaceous (herbaceus^ and woodg (ligmsus) need no 
forthcr definition. Borne stems are fleshy or siwculent (caniosus) as 
in^CactuSySce, Most stems are solid (solidus); those of the majority 
of Grasses and the Umbelliferoo (Carrot, Celery, &c.), andthe Horse- 
tails (Equisetum) are hollow or tubular (Jistulosus), 

б, Stems may be truly erect {$tmtu$),*Jlexuotts (Jlexuosus), or nod- 
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ding (nutans\ which in trees becomes overhaiiging (cmiwMs), Stems 
which turn upwards from a horizontal base are called ascending 
(aseendens) ; those lying along 
tSie ground without rooting Eig. 33. 


are procumbent or prostrate 
(decumbens, procumhenSf hu^ ^ 

mifustis) (fig. 33); if a pro- 
strate stem roots at its nodes, 
it becomes creeping (repens'). 

Slender stems neither lying f' (? (B^, 

oa the ground nor creep^ Pro»mb«.trt«aofThym.. 

may be pendent (pendulus) 

when growing on rocks &c., and floating (flaitans') when growing 
in water. Weak stems also rise from the ground as climbing (scan-- 
dens) or twining (voluhiVis) stems. 


Climbing stems suppoii; themselves in various ways : — the Ivy by tufts 
of adventitious roots, which attach themselves firmly to foreign bodies ; 
the climbing species of ClematUy the Canary-creeper ( Tropceolum pere- 
grmum) by hooking their leaf-stalks round tie support ; other plants by 
tendrils y as the Vine, Peas, Cucurbitacete, &c. 

Twining stems coil themselves spirally round the supporting body, 
turning sometimes in one direction, sometimes in the otner, as in the 
Hop, Convolvulus, Cmcuta, &c. Some of the tropical twiners produce 
wo^y trunks resembling large cables. « 


e. The principal characters of form are designated by terms re- 
quiring jio explanation, such as cylindrical or teretCy conical, columnary 
&c. If a stem presents thickenings opposite the origin of the leaves 
(nhdes), it is called jointed (articulatus) or Tcnotted (nodosus) ; the 
reverse condition, when there are constrictions at intervals, is also, 
with more propriety, called yoinfed! (articulatus). Other terms refer 
to the shape as displayed in a 

cross section of the stem. A Fig. 34. Fig. 35. Fig. 36. 
stem is round (teres) when it pre- 
sents a circular section ; com- 
pressed (compressus) when the 
section is elliptical ; angular 
when the section is polygonal, 

under which head are £stm- Fi«. si. A trique^oM stem, 
guished, in a tiiroe^angled stem |i|; i 
for example, triquetrous if the 

three angles are sharj) (fig. (M), triangular if they are about right 
angles, and trigonous when the angles are obtuse or rounded off. 
When the surface presents a great number of longitudinal ridges, it 
is called«rf5iecf (fig. 36) ; numerous longitudinal grooves render it 
furrowed (sulcatu^. In some cases the projecting angles of stems 
axe winged (cdatus)^ as in many Thistles ; in other cases the stem or 
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branch is flattened lia to resemble a leaf, in which ease the term 
cladode is applied. 

d. The sui^acepf a stem may be smooth Qosvis) or striate (striatm)^ 
u e. marked with fine grooves and ridges. It may be devoid of epi- 
dermal appendages or glabrous (glaber)^ or furnished wit^ a more 
or less dense coat of hairs (pilosuSf hirsutus^ lanatus, <feo.), ^r it may 
be set with bristles (setosus), glandular or otherwise, or with thorns 
(s^inosus). 

Similar terms are still more commonly applied to the surfaces of leaves, 
under which head they will be more minutely defined. 

e. A stem is either simple or branched ; if the ramification is ex- 
cessive, it is called muchd>ranched {ramosissimus'). The branches 
may he erects spreading {patens'), outstretched {divaricatus, patentis^ 
simus), dejlexed {dejtexxis), or pendulous {pendulus). These qualities 
especially affect the crown of trees, which is sometimes called 
their 

/. Different terms are applied to plants with woody stems, ac- 
cording to their division and mode of branching. A tree {arbor) 
is a plant with a woody trunk and branched head, above 25 feet in 
height. A small tree {arhmculiis) is a similar plant, which never 
rises above 25 feet in height. A shrub {fruiex) is a kind of dwarf 
tree, where the main trunk is little developed, and the whole never 
attains a height of mor#thah 15 feet. Under-shrub {fndiculus) is 
the diminutive of this, applied to kinds which do not exceed 3 feet 
in height. A hmh {dumus) is a kind of shrub where th^. principal 
axis is not readily distinguishable, the lateral branches being deve- 
loped very freely close to the ground, so as to hide the main stem. 

Sect 4. The Leaf. 

59. Leaves are the lateral organs attached to the ascending por- 
tion of the axis, and in general are flat, expanded plates, prodnced 
directly from the superficial part of the stem, and from which, after 
a certain term of existence, they are removed, either by breaking off 
at a distinct joint, or by decay. 

In some cases, as in Cactus (figs. 3Q-d2)J the true leaves are absent, 
their bffice being tilled by the green rind" of the stem. Normal leaves, 
belonging to tbe vegetative system, are alone taken into account in this 
chapter , the modified foliar organs composing Bowers must be treated 
separately. • 

60. The leaves arise from and mark the nod^ (§ 44) of the stem ; 
and it has been already stated that it is at the p^es, in the axUs 
of leaves (§ 43), that lateral or axillary buds are as a*gpneral role 
produced. From this it foUows that the arrangement of the leaves 
must be of great importanc6,^not only in reference to tiieir own le- 
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lative positions, but as determining more or Idbs completely the plans 
of ramification of stems. It is found that the modes of arrangement of 
leaves are in accordance with certain general laws ; and a particular 


Fig. 38. 


study of these laws has been pursued, under the name of Phyllotaxt. 

61. I^eaves exhibit two principal types of arrangement : either 
they are'solitary, one only p. 

occurring at a node, or pj 

two or more spring from 
the stem at the same 
level. When the leaves 
stand alone, they are said ^ 

to be alternate or scattered rX^-r 

(fig. 37); where two stand 
at the same level, facing ^ 

one another, they are called ^ ' I 

opposite (fig: 38) ; and if 

more than two originate I 

from one node, forming a 

circle, the leaves are called ^‘8- ^iaCTam of the arrangement of alternate disti- 

whorled or verhcillate. Pig. 38. Dia^am of the arrangement of decussate oppo- 
Very rarely two leaves ap- .nd tetrastiehou, 

pear to spring from the same node, as in what arc called geminate 
leaves (Solamim). This condition is siippo^f d to arise from irregular 
displacement and partial adherence of one of the leaves to the stem. 


Keally ^jrhorled leaves are not so common as is sometimes imagined, 
the whorled condition being imitated in some cases, as in many Stel- 
latasf by an excessive development of interfoliar .stipules ; truly whorled 
leaves are seen in Paris and Myriophyllmu Representatives of the two 
nrincipal types are found in the embryo of Monocotyledons and Dicoty- 
ledons — the former having a solitary cotyledon^ the latter having two, 
placed the one opposite to the other (fig. 2) ; but this opposite arrange- 
ment of the cotyledons is not always associated vrith a like disposition of 
the true leaves. 


62. Altei*nate leaves exhibit many modifications of arrangement. 
Sometimes they are truly alternate ; that is, the second leaf is exactly 
on the opposite side of the stem from the first, and the third exactly 
over the first : a series <ff leaves arranged in this way form two 
perpendicular rows. Such leaves are termed distichous or two-ranked 
(fig. 37) ; examples of which are found in the Grasses. 

If the second leaf is not opposite to the first, but at a point dis- 
tant from it one-third of the ^rcumference of the stem, and the 
third leaf one-third further round, the fourth leaf, likewise distant 
one-third from the preceding, will stand over the first. Leaves so 
arranged fprin three perpend^cu]ar rows, constituting the tristichous 
or three-ranked arrangement, which is common among the Mono- 
cotyledons (fig. 39). 
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63. Now, when. a lirib is drawn round the stem so as to pass 
regiUarly from leaf to leaf, we find that its course is spiral. In the 
distichous case the ^spiral line commencing at any given leaf com-v 
pletes one circuit and commences a new one at the tbird leaf ; ijt 
the tristichous arrangement the spiral completes one circuit and 
commences a new one with the fourth leaf (fig. 39), The series of 
leaves included by the spiral line in passing from the first leaf to 
that which stands directly above it is called a C]{cle (fig. 40) ; the 
fraction of the circumference of the stem, which measures the distance 
between any two succeeding leaves in a cycle, is termed the angular 
divergence , which in the distichous case is one-half (|), in the tn- 
stichous one-third (^). These fractions not only represent the an- 
gular divergence, but also the entire character of the arrangement ; 
for the numerator, as is seen, indicates the number of turns of the 
spiral forming a cycle, while the denominator expresses the number 
of leaves in that cycle. 

In the pentastichous, quincuncialf or five-^ranlced arrangement of 
leaves the conditions are more complex. The sixth leaf of course 
stands over the first (figs. 41 & 42), commencing a second cycle ; 
but the spiral line passing through the first five leaves makes two 


Fig. 40. 



circuits round the stem ; moreover the successive leavear stand at a 
distance from each other of two-fifths of the circumference of the 
stem; and therefore the eaqpresriqu of the angular diveigence, |, in- 
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dieateei ako the number of turns round the* stem is the cycle, and 
the number of Jeaves in the cycle, as before. 

• The relations here existing are found to hoJd^ good when further 
CKirried out. The next degree of compleadtj of* the arrangement is 
where eight perpendicular rows of leaves exist, and the ninth leaf is 
over the first. In this case the spiral takes three turns in completing 
the cycle ; and the expression §, denoting the turns of the spiral and 
the number of leaves in a cycle, also corresponds to the angular di- 
vergence of the successive lehves. 

'^en we place the foregoing figures together, thus : it 

will be observed that each fraction has its numerator composed of 
the sum of the numerators of the two preceding fractions, and its 
denominator of the sum of the two preceding denominators ; and it 
is really found that aU higher complications, in normal conditions 
of stems, exhibit some further indication of the same ratio, and are 
marked successively by f-J-, &c. 


The simpler forms of arrangement are the most common ; those marked 
by higher f^tions are chiefly found in plants with the leaves much 
crowded, as in the House-leek and its allies. The scales of the cones of 
Pines and Rrs ofter most beautiful examples of these spiral arrange- 
ments. The following examples may be mentioned for observation : — 

Plan Leaves of Grasses, Iris, Gh^ 
diolus, Elm, Lime, &c. d3. 

Plan Leaves of Sedges (Carex, Scir^ 

pt4^, Orchids, Tulip, Alder, Eirch, &c. 

Plan f. Leaves of Apple, Cherry, 

Poplar, Oak, Walnut, &c. 

Plan f. Leaves of Flax, Hoad-weed 
(PlarUago) (%. 43), Holly, Aconite, &c. 

Plan X. Eyes (buds) of Potato-tubers, 
cones of IHnits Strobus (fig 44). 

Plan Cones of Larcm (Z. €urop€ea), 

Pimts Picea, 

When the leaves are very numerous 
and much crowded, it is often difficult to 
trace the fundamental spiral, as the ver- 
tical ranKs are not evident. In these 
cases the arrangement is ascertained by 
studying the secot^ary spuals which appear. These are more or less 
numerous, according as the fractional expression of the fundamental 
qnral is higher. 

For example, in examining the cone of the White Pine, a complex 
spiral arrangement is at once recognized, which will be understood by 
reference to the adjoining diagram (fig. 44). Starting from the lowest 
scale, as 1, and traemg up a flat spiral line to the left Wxd (fig. 44 6-6) 
we find th^ it will leave untouched a similar spiral series, running in the 
ame dbeetion, between its turns ; these two spirals together will include 



Rosette of lefttes of Plantago media ^ 
seen from above ; the leaves on the 

I type- 


all the scales of the cone ; and if we number the successive s^es of the 
first qpiral 1,3, 6, 7, &c., always with Ridiflerence of 2, and then those of 
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the second spiral 2, 4, 6, 8, 10, &c., we define our first two secondaiy 
spirals. Next we shall find, that by passing through 1, 4, 7, 10 (fig. 44 o-o), 
&c., we mark a spiral running to the right hand, more oblique than the 
first two, and we find that there are two other spirals parallel to thjs 
right-hand spiral, running through 3, 6, 9, 12, &c., and 2, 6, 8, 11, tt., 
making tAree of these right-hand spirals, whoso scales have nuipbeni in- 
creasing by three at each step. Next, turning to the left again, we find a 

Fig. 44. 





Cone Stroim, with th« in the A 

still steeper spiral ascending from 1 through 

the numDOTB in the scale having a common difierence of 5, whue nve oi 

... vis. running tbVougK 2, 7,12, &C., 


dials are found 
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&c., 3, 11, 19, &c., 4, 12, 20, &c., 5, 13, 21, &c., 6, ‘14, 22, &c., 7, 16. 23j &c,, 
and 8, 16, 24, &c. If we attempt to find another spiral between tne right- 
hand, 1, 9, 17, &c., and the liwt left-hand one, 1, 6, 11, &c., we find that 
we go from 1 to 14, and this stands directlj over 1 (fig. 44 a-a). It 
therefore completes the fundamental spiral of the whole arrangement : 
the differonce TOtween it and 1 (13) gives the denominator of the fraction 
expressing the arrangement ; and, as has been shown above, the regular 
numerator of this number is 5, making <jV. And in this case we shall 
find that a line passing regularly through 1, 2, 3, 4, &c., to the left-hand, 
will make five turns roimd the cone l^fore it terminates at 14, imme- 
diately over 1. 

The fraction expressing the fundamental spiral in this case, might 
also be deduced from the number of parallel secondary spirals. Taking 
the orders of secondary spirals nearest to the vertical line, on each side, 
right and left, the numbiHr of parallel spirals of the lower order of these 
two will give the numerator ; and this number, added to the number of 
parallel spirals of the higher order, will give the denominator. Thus, in 
our example, the two highest orders are those running to the left through 
1, 6, 11, &c«, and to the right through 1, 9, 17, &c. There are 5 parallel 
spii^ of the 1, 6, 11 order, which gives the numerator, and 8 of the 
order 1, 9, 17, &c. ; ^nd 8-f 6 gives 13, 

64. The perpendicular distance between the points of origin of 
successive leaves is dependent simply on the degree of development 
of the intemodes of the stem. These may be so short that, as in 
the conamon Stone-crop (Sedtim acre), Araucaria imbricata, &c., the 
leaves overlap more or less along the developed axis ; such leaves are 
termed imbricate ;> and this condition is very common in the leaf- 
scale forms of the leaf. A great number of well-developed leaves are 
often crowded together by the non-development of intemodes at the 
base of th^ flowering stems of perennial herbs, such as the various 
Saxifrages, the Turnip, Bandelion,&c. ; and where 
these so-called rascal’’ leaves are arranged 
with some regularity, and spread out horizontally 
as in the House-leeks, they are said to be rosulaU 
(fig. 43). 

A somewhat similar condition occurs upon 
branches of some trees, on which a number of 
leaves appear to spring from one point, as in the 
Larch (fig. 45) and the Berberry ; the collections 
of fcaac^t e leaves really belong to a branch 
the Iniem^s of which are not developed, so 
that they all spring at once frpm the.leaf-axil 
in which the branch-bud was formed. 

In other Conifers, the number of leaves in these bundles is smaller, and 
vexy igegular /ind characteristic; e.^., in Pinue evkeatris two leaves are 
tints asaodaited, in P. Cemlra three, in P. Slrchue five, &c. In those buds 
of the Lardi which afterwards unfold into shoots, the transition from a 
aeckuUae into a regular spiral afrangemant becomes evident. 


Fig. 46. 



Xuoionlate lesTet of 
the Loroh. 
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65. Opposite arid whirled haves likewise exhibit great regularity. 

The number of leaves in a whorl is here also sometimes expressed by 
a fracti<m, which is enclosed in a parenthesis ; the denominator in 
this case indicates l;he number of leaves in one circle. • 

Examples of these in true leaves are fumisheS by the following plants. 

Q) plan (opposite leaves). Pmks, Labiatm. 

(IS „ Lysijnachia vulgaris, Myrica Gale, TrUlium, 

(} ) „ Paris quadrifolia. 

(1) ,, Myriophyllum pectinatum, * 

Sometimes the numbers vary on different parts of the same stem, as in 
Hippuris, 

66. When leaves are opposite, the pairs are . Fig. 46. . 
mostly alternate ; that is, they cross at right an- 
gles, the third pair standing over the first. Sdfch 
leaves are called decussate (fig. 46). With whorls 
of three leaves, again, wo usually find a similar 
alternation ; the leaves of the second whorl stand 
over the intervals between those of the first, the 
leaves of the third whorl standing over the 
leaves of the first. In each of these cases, there- 
fore, we have a kind of cycle ; and other cases 
occur in which the cycles are not completed by 
two whorls, but the leaves of the 3rd, 6th, 8th, 

13th whorl, &c, stand directly over those of the 
first. This shows the existence of a spiral plan 

analogous to that regulating the arrangement of 
alternate leaves, with the same numerical ratios ; and these many- 
whorled cycles exhibit secondary spirals analogous to those of the 
higher plans of the alternate leaves. In many fossil plants the pairs 
of leaves do not alternate, but are placed directly one over the other. 

It is evident that if the intemodes between the component leaves 
of any individual spiral cycle Were undeveloped, while those between 
successive cycles were lengthened, a verticillate arrangement would result. 
In certain plants (for example, the Myrtle, the Antirrhinum) alternate 
and opposite leaves occur on the same stem. This is the case also in those 
Dicotyledons where the true leaves succeeding the opposite cotyledons 
are alternate, as in tlie Scarlet Bean, Mustard, &c. Ime arrangement of 
the leaves ia the manner above indicated is to a great extent connected 
with the disposition of the fibro-vascular bundles of the stem. It should, 
however, be stated that the arrangement of the leAves on the stem is not 
always the same as that on the br^che^ • 

6V. Certain terms are in common use in descriptive works to 
indicate the absolute position of leaves upon the stem. The name 
radical leaves is applied to those, usually of larger size than the rest, 
which are often found collected at the base of flowering stems of 
herbaceous plants, such as the JDandelion, Lettuce, Turnip, FlanUtgo 
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(fig, 10), The ordinary leaves of the stein are sometimes distin- 
guished as caulim or stem-leaves^ while the term ramal is occasion- 
idiy used for those on the shoots of trees and shrubs when these 
present special characters. 

The {eaves belou^ng%> the infiorescence are called bracts. Their 
phjllotai^y agrees with that of the stexd-leaves. 

68. The point where a leaf springs from the stem is commonly 
called the insertion. Leaves are either articulated there, separating 
when dead by a distinctly characterized line of fracture, or they merely 
wither down, and leave their bases as a ragged covering to the stem ; 
the latter condition occurs mostly in leaves with sheathing bases. 

69. A perfect leaf is divisible into two regions (fig. 47) — the blade 
or lamina (b), and the leaf -stalk ot petiole (c) ; the latter, when pre- 
sent, may be more or less completely represented by a sheath or 
vagina (a), partly or wholly embracing the stem from which it 
arises. At the base of the petiole often occur distinct leaf-like ap- 
pendages, called stipules. All parts of the leaf — blade, stalk, and 
stipules — are much subject to modification, and may even exist in the 
forms of tendrils, spines, pitcher-like organs, &c., very unlike regular 
leaves. These metamorphosed leaves, or parts of loaves, are best 
treated of separately. 


Fig. 47. 


Fig. 48. 



The stalk-like petiole (fig. 48), most common in Dicolyledons, always 
has the base slightly widened out at its point of emeigence from tne 
stem j in th^ leaves of Palmi^ the Banana, Scitamineas, £c., the base is 
expaafiM so as to embrace the stem, while in the Grasses the petiole is 
entMy i^i^nted by a sheath (fig. 62). The green part of the leaves 
of lio Hyaciiith and other bulbous plaint is the blade, and will be found 
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continuous below with a colourless; fleshy, petiolar portion, fbnnixig one 
of the ** coats or sheaths of the bidb (Bg. 16). 

70. The leaf may, however, bo represented by one only of the 
regions. It is very*conmion to find leaves without distinct petioles^* 
the blade springing directly from the stem ; such leaves are called 
sessile (fig. 49). On the other hand, the petiolar region* may exist 
without the blade ; and among the cases of this sort a considerable 
variety of conditions is met with. Petiolar structures, devoid of 
lamincD, and more or less reduced to scales or membranous sheaths, 
ore commonly found on subterraneous stem-structures, such as 
bulbs, rhizomes, &c., whence we have denominated this part of the 
stem the leaf-scale region (§ 45). Similar scales appear in place 
of green leaves in the true-leaf ’’ region of various parasitic plants, 
such as Orobanche, in which the leaves have no physiological function 
to perform ; and they recur periodically on the stems of arborescent 
plants which form winter-buds, in the shape of bud-scales. In the 
true-leaf region the blade is either supported on a stalk-like or 
sheathing petiole, or is sessile. The sessile condition is generally 
more common toward the upper part of stems and shoots ; and in 
the bracts or leaves belonging to the inflorescence the petiolar region 
is comparatively seldom developed. The first leaf {Vorhlatt of the 
Gennans) on a branch in many Monocotyledons, and in some Dicoty- 
ledons, is of a different form from the rest. 

71. In some families the true-leaf region is clothed with petioles 

expanded into the form of laminm ; these are called ^i^llodes (figs. 
50 & 51), and in such cases the true laminar region is often partiaUy 
or entirely suppressed, • 


Fig. 50. 


Fig. 61. 



The transition from the petiolar leaf-scale organa into pei^ct leaves 
with sheathing petioles may be observed not onW in bul^ but in mai^ 
Grasses with creeping stemsi wluc|i exhibit, at the junction of the leaf- 
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scale and true-leaf regions, sheaths surmounted by short green lancet^ 
shaped laminae, increasing in length in successiye leaves. 

^ 72. When the petiole appears as a distinct leaf-stalk, it is often 

‘ 4 iCCompanied by a pair of more or less distinct foliaceous appendages 
at its base, called stipules. Wlien these exist, the leaf is called sti^ 
pulati (fig. 56); when they are absent, exstipulate. 

The presence or absence of stipules is often a very regular character of 
Natural Orders. The various forms of stipulate petioles form a kind of 
transition to the petioles with sheathing bases. 

73. The petiole is usually of semicyhndrical form, with the flat 
surface above ; not unfrequently the upper surface is channelled 
(camdiculate), giving a more or less crescentic section; in a few 
instances, especially in the Aspen, it is laterally compressed. Where 
it is round or cylindrical its structure is like that of a branch. 

The stalk-like petiole is either simple^ when it supports a single 
blade, or it is branched or compound^ when the blade is composed 
of a number of distinct leaflets ; the branches are sometimes called 
partial petioles, and may even be articulated at their points of origin 
from the primary petiole. 

! Gompoimd petioles supporting the leaflets of compound leaves are 
known from branches by arising independently from the stem, by having 
. buds in their axils, and by the absence of any indication of a leaf imme- 
diately beneath them. 

’ 74. The flattened or leaf-like petiole, called a phyllode, resembles 
a lamina, but Is known by standing edgewise on the stem — that is, 
with its flat faces parallel with the direction of the stem ; in some 
oejses phyllodes exist without true laminae, in others the laminae are 
more or less developed at the summit (fig. 51). 


Fig. 54. Fig. 55. 



Fig. S2. L«af-dieat)i of » Grass, with an entire liauliu 
Fig. 53. Leaf-ehenth of a Grain, with a bifld ligula. 
Fig. 54. Lesf-nheath of Eriopkorutn, 

Fi^ 55. SheatUiig taue of petiole vtAng^ioa, 
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Striking examples of ph^Uodia with or without laminse are furnished by 
various species of ^cacta (iigs. 50 & 90)^ in many of which the blade is 
present; compound and bipinnate. 

75. The sheathing portion or vagina is the only portion of th»‘* 
petiole which is developed in certain plants, as in the Grasses and 
Sedges (figs. 52-54), in which it forms a complete sheath to thd^stem, 
and passes at once into the blade at the top : this sheath is merely 
rolled round the stem in the Grasses; but its margins are confluent, 
so as to form a tube, in the ISedges. The vaginal petiolar region is 
more or loss distinctly evident in many Monocotyledonous leaves 
which at first sight appear to be sessile, as in the Tulip, Hyacinth, 
&c.; and it is generally more or less developed at the base wher€ a 
distinct leaf-stalk exists in this class, as in the Palms and, above all, 
in the Musaceae. In many Dicotyledons also the base of the stalk- 
like petiole is enlarged into a sheath, as in TJmbeUifers (fig. 55). 

76. Sometimes the stalk-like petiole is winged (alate), as when a 
narrow plate of the blade structure springs from its margins ; in cer- 
tain cases these wings are decurrent down (or, rather, are continuous 
with the ^ides of) the stem from which the leaf arises, as in many 
Thistles, Verhascum^ &c., producing a winged or ahfte. stem. 

77. The petiole is ordinarily more or less distinctly jointed to the 
stem ; and when the leiif falls, it leaves a more or less extensive well- 
defined scar upon the stem, called the cicatrix : in woody Dicoty- 
ledons there is generally a little protuberance under the cicatrix, 
which is termed the pulvinm. In Monocotyledons the cicatrix is 
usually very broad, from the base of the petiole embracing the stem 
widely. In some cases the petiole is not regularly disarticulated, bht 
withers down ; but then the decay generally terminates at a definite 
point a little above the base, leaving a portion of the latter in the 
form of a scale-like or tooth-like process projecting from the stem. 

Tooth-like processes left by the decay of the petioles may be seen on 
the underground stem of the common Primrose &c., and on the trunks of 
certain Pfidms. 

78. The stipules or leaf-liJs:o appendages of 
the petiole usually stand at the base of the pe- 
tiole, one on each side, free or adherent id it 
(fig. 56). The free leafy stipules are sometimes 
higlily developed, and in Lathgrus Aj^ham they 
exercise the functions of the blade, the leaves 
of this plant consisting merely of a pAiole de- 
stitute of a lamina. When the margins of the 
stipules next the petiole are continuous with 
that organ, forming as it were wings to it (i2<wa), 

they are called adnate (fig. 67). They are also often united by their 
margins independently of the pet»le» or^ in oth^r words, ore not sepa* 
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rated from each other f connate ) : thus in the'^Plano tree and in Astra- 
galus they are united by the outer margins (turned away from the 
«petiole) so as to form a kind of leaflet on the opposite side of the 
gtem {inirapetiolar ) ; in Potamogeton they are united by their inner 
margins over the petiole, so as to form a compound cuvillary stipule ; 
in the^Polygonace® they are not only united on this side, but also 
by their outer margins on the other side of the stem, thus forming 
a short tubular ' sheath round the latter, called an ocrea (fig. 58). 
All the above cases relate ‘to stipules of single leav^T^t similar 
coherence or lack.of disunion occurs in the stipules of opposite leaves, 

Kg. 67. 

Fig. 68. 


Componnd (pinnate) leaf of the Boae, Ocrea of Polygonum. 

with adnate stipules. 

« 

where it is not uncommon to find the two stipules which stand be- 
tween the leaves, at back and front, more or less confluent into a 
single leaf- like or scale-like body (inteipetiolar stipule)^ so as to form 
a kind of whorl with the true leaves. 

This interpetiolar confluence of the stipules is very characteristic of the 
Order Rubiacese ; and the apparent whorls of the Stellate (Galium, See.) 
often exhibit a confluence of the highly developed leaf-like stipules. 

79. At the summit of the sheath of the leaf of Grasses exists a 
little membranous scalei connecting the blade with the epidermis of 
the stem ; it is either entire or forked at the top (figs. 52 & 53) ; this 
structure, called the ligule, is a mere excrescence from the stdk. 

The stipules of ^me plants fall off at an early period. This is the case 
with the internetiolar stipuleif of various Rubiaceous plants. It also 
occurs cfitomonly when the stipules form envelopes of the leaf-buds, as in 
MagnoUacem, Meus elastica, the Beech tree, Ac. 

80: Snfall secondary stipules exist at the base of the partial pe- 
tioles of some compound leaves, especially of Legumiaosse (Demo- 
dium) ; they are caUed stipels (stig^Ue). 
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81. For convenience of description the stipule has been here 
treated as if it were uniformly of the same nature, varying only in 
form, position, <&c. ,In point of fact, however, the morphological;, 
nature of the stipules varies in different plants : sometimes they re- 
present mere excrescences from the petiole ; at other times thej con- 
sist of the lower leaflets of a compound leaf {Laihyrus)^ or they may 
be leaves formed on a contracted and rudimentary axiUary branch. 

82. The lamina or blade (fig. 47 5) of the leaf constitutes the most 
important part of the structure, and exhibits the greatest variety in 
its forms, which latter requiie to be studied in detail, as they often 
furnish the principal characters for the discrimination of species of 
Flowering Plants and Ferns. It is ordinarily a flat plate, possess- 
ing an vpper and lower surface y turned respectively towards the sky 
and the earth, two margins y a hasCy and a summit. 

In plants of succulent habit the thickness of the leaves is often so great 
that the sides are as broad as the surfaces, or they are more or less 
confounded in a cylindricalj pristnaticy or some similar form (Jdesembryann 
themiim) ; and similar external forms are presented by the cylindrical or 
flattened fistular leaves of the Onion &c. 

83. If the blade stands alone upon an undivided petiole, or is ses- 
sile on the stem, it is called simple (fig. 48). Where the petiole is 
branched, and bears more than one distinct blade, the leaf is com- 
pound (fig. 57), and its separate blades are called leaflets. Both simple 
leaves and leaflets may be entire — that is, the blade may be undivided 
at its margins ; or it may be more or less deeply incised or lobed. 

84. The general form of simple and compound leaves, and the 
character of the subdivisions of the blade of simple leaves and of 
leaflets, are associated with the plan of arrangement of the skeleton 
of the leaf. The solid framework of leaves is composed of woody 
structures which when large are usually termed ribs {costce)y the 
small di^ions being called indifferently nerves or veins. The plan 
of arrang^ent of the framework is called the venation \ the ordinary 
custom is to call the principal ribs nerves, and the smaller branches 
veins. When a distinct principal rib, continuous with the petiole, 
exists, it is called the midrib. 

The superabundance of terms is an inconvenience here as in many 
other departments of Botany. 'Where it is necessary to select, it is 
advisable to choose those terms which are least pbjectionable as not 
involving hypothetical nitons of function 5 but the term nerve may be 
regarded as figurative. • 

85. The modes of nervaturo of leaves may be classed under four 
principal heads : — 

1. Straight- or parallel-nerved (folia paralleJtnervia), wlion (with 
or without a midrib) the principal ribs run in more or less pa- 
rallel lines from the base to 4he summit (fig. 59)% 

n 2 
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2 . Curvhierved (/. curvinervia), when the principal ribs run in 
curves from the base to the summit (fig. 60), or from the mid- 
rib to the marpn (fig. 61) — differing Sttle from the foregoing, 

’• but occurriiJg in broader leaves. 

3. ^ahmnerved (/. jpaZmmema), when the principal ribs radiate 
from a point at the base of the leaf (fig. 62). 

4. Penninerved pmnhurvia)^ when the strong midrib gives off 
the side-ribs at a more or less acute angle, like the blades on the 
shaft of a feather (figs. 61 & 63). 

^ The term triple^nerved (triplineri'm) is sometimes used for a modifica- 
tion of No. 4, approaching to No. 3, when the midrib gives off on oacli 
side near the base a strong side-rib, which runs up within the margin 
towards the sunmiit. Feather^rlhhed (penninerved) and hami-ribbed (pal- 
minerved) leates are most common among the Dicotyledons, but they 
occur also in manv Monocotyledons, — the former, for example, in most 
Palms, Musaceas, Zingiberacese (fig. 61), &c. ; the latter in the Fan-palm, 
Smilaceas and Dioscoreaceoe, &c., where there is a ti*ansition to the curwd- 


Mg, 69. 



J^g. 59. A parallel*|^frTcd leaf. 

Pig. 60. A curvintjrved leaf of OloruuM miperba, torminating in a tendril. 
Pig. 61. A penninerTcd leaf of Cannat with currod •econdary nervee. 


rdthed condition (fig.60), which, with the straiaht-rO^bed (fig. 59), is most 
common in the Monocotyledons, ^raight-rwwfd leaves occur not imfre- 
g^uenriy in Dicotyledons, as in Ihthyrm &c. The most important distinc- 
ffion in the ribbing of the two groups is, that in Dicotyledons the main 
mb or ribs branch repeatedly at more or less acute angles, and anastomose 
|by tboir slender twigs, so as to form a netted or reticuto framework ; wdiilo 
jin Monodotyledons the branches passing from the main ribs go off nearly at 
fright angles, become suddenly much more slender, and form a kind of square 
MUked or canceUaU framework when ttey are strongly developed (fig. 60). 
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86. The general outlind of leaves or leaflets is indicated by certain 
technical terms, such as : — circular or orbicular {Hydrocotyle, Tro-- 
2 molum majus) (fig. ^80); roundish or suhrotund, approaching the. 
foregoing (fig. 64) ; elliptical (fig. 65) ; ovate, egg-shaped with the*’ 
broad end nearest to the stalk (fig. 66) ; cibovate, the same shape, with 
the narrow end nearest to the stalk (fig. 67); lanceolate' ox lance- 
shaped (fig. 68); sagittate or arrow-shaped (iig. 69); hastate or dart- 
sliaped (fig. 70) ; cordate, the shape of a heart on playing-cards, .with 
the broad end nearest to the stalk (fig. 71) ; obcordate, the same shape, 
with the point attached to the stalk (fig. 101) ; reniform or kidney- 
shaped (fig. 72) ; rhomboidal ; triangular ; or the reverse of this, 
cuneate or wedge-shaped (fig. 81) ; deltoid ; spathulate or spatula- 


FJg. 64. 



A palminervod A penninerved A embrotand. entire. « 

serrate leaf. entira leaf, penninerved lea£L 


shaped (fig. 73) ; ensiform or sword-shaped (as in the Garden-flag) ; 
I incur, a long narrow form with parallel margins (fig. 74); subulate 


Fig. 05. Fig. 60. 



Fif?. 65. An elliptical aerrate leaf. Fig. 67. An oborate entire leaf. 

Fig. 66. An ovatei aonte, and dentate leaf, Fifg» 68. A lanoeolate leaf. 
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or awl-shaped, a slender, short linear forih soon ending in a point 
(fig. 76) ; acerose, needle-shaped and rigid (Pines, Juniper, &c.)* 

, 87. Sometimes the forms are intermediate between some of the 

‘foregoing, in which case two of the terms are combined, such as 
ovate-lanceolate, signifying a leaf broader than lanceolate, and with 
the Ic^wer half wider, as in ovate ; linear-lanceolate, a long and nar- 
row lance-shaped blade, and so on. The term oblique is applied to 
^ Pig. 89. 


Fiff. 70. 



A hastate leaf. A sagittate leaf. A cordate and cuspidate loaf. 


leaves where the portions on either side of the midrib arc uiiecjual, 
as in the Begonias, Lime, Elm, &c. (fig. 76). 

, Fig. 70. 



Tig. 72. A reniform crenate leaf. Fig. 74. A linear leaf. 

Fig. 73. A spathnlate leaf. Fig. 75. A soholate leaf 

Fig^76. An obliquely cordate, serrate, and aouminate leaf 


88; Special terms are also required to describe the character of 
the base of the leaf. Thus, cordate lit the fjose may be added to ovate, 
Miptical, or other form, where thistcondition eiusts ; if a eessile leaf 
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has a cordate base, it becomes aurkulate or eartd (fig. 77) when 
the borders are free, amplexicaul or clasping if they adhere to the 
stem. The last form is a transition to the decurrmt state (§ 76). 
When the posteriof lobes of a sessile leaf extend round the stem 
eompletely and become confluent on the other side, the stem appears 
to run through the leaf, and the leaves are called per/oZierte (fig. 78); 
when the basilar lobes of a pair of opposite leaves cohere on each 
side, so as to produce a similar condition, the leaves are termed can- 
naZcJ fig. 79). Sometimes the blade is gradually narrowed towards 
the petiole, and becomes attenuated at the base ; when the blade passes 
still more gradually into a broad-winged stalk, a spathvilate form 
results. 


Fig. 78. 



An aurionlat** A li-af. Connate leavea 


89. Another character relating to the base is 
the mode of attachment of the blade to the pe- 
tiole. Usual!}' the midrib, or set of priipary ribs 
of the blade, is in a direct line with the petiole ; 
but sometimes the ribs, as they pass from the 
petiole into the blade, separate and radiite from 
the top of the stalk, so that the latter appears to 
be i user led into the hacicoi the leaf; such a con- 
dition is called peltate y and occurs jn Nelinnbium, 
TropiPolum nutpiSy and other plants with prhk 
cular leaves (fig. 80). 

90. The apex or point of the leaf has certain 



characters : it may be acute, or sharp (fig. 66); acuminate, 
or with the point rather drawn out (fig. 76) ; atepidate,‘i 
with a more produced, slender, sharp summit (fig. 71]; or 
mucronatty when it is tipped with a spine (fig. 8f). It may 
also be ohimcy when an ordinarily poilited form is suddenly 
rounded off at the tip ; emarginatey when there is a 
shallow notch where the point should be ; refuse, ^hen a 
notch of this kind is deep ; this last form approaches to , 
the ohcordate (fig. lOl). " 

01 , The margins of the leaf a|e. either mrirc, that is, with 


Fig. 81. 



A ooneate 
ftnd tnuesro- 
nateleaf. 
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an unbroken edge (fig. 64); crenate, when 'they exhibit a series of 
small rounded teeth or scallops (fig. 72) ; dentate^ when the teeth 
ar© acute and pointed radially (fig. 66) ; serrat$i when sharp teeth 
point towards the apex (fig. 76) ; retroserrate^ when shaip teeth 
point towards the base. If there are coarse teeth, the margins of 
whichWe again more finely toothed, as in the Elm, the loaves are 
doxihly serrate (or doubly dentate). Sometimes it is requisite to say, 
irregularly toothed^ or incised^ as in many Thistles ; and these teeth, 
as well as those of regularly'dentate or serrate leaves, may be tipped 
with spines, when they are termed spinose-serratey &c. When the 
outline exhibits shallow wavy curves, it is sometimes called repand 
(figs. 79 &■ 80). The margin . may also bo revolute, or rolled back 
toward the lower face (fig. 68). Sometimes, through excessive growth 
of the marginal parenchyma, the edges of the leaf are undulated (as 
when the edge of a strip of paper swells from being wetted (fig. 88). 

92. Avery large number of simple leaves, and of leaflets of compound 
leaves, are divided more deeply between the principal ribs ; to such 
the general name of hhed leaves is often applied, and the more or less 
distinct parts are called lobes; thus we may have bllohed (fig. 8:?), 
trihbed (fig. 83), and so on, according to the number of iho divisions. 



93. But it is found requisite in Descriptive Botany to subdivide 
lobed leaves into more (kjfinite classes ; of these there are two prin- 
cipal types, defined by the character of the ribbing. When the 
ribs are arranged on the feathered plan, we first take the prefix 
pinnati- {feathers^) and subjoin to this a word indicating the degree 
or kind of division, thus ; pinnatijid (feather^deft), if the broad 
notches between the lobes extend from the margin to about half- 
way between t)^ and the midrib (fig. 84) ; jnnnatipartite, if the 
notches extend nearly to the midrib (fig. 85) ; pinmtisect, if the sepa- 
rate lolxA are almost free, and merely connected by a narrow strip 
of parenchyma. Certain less frequent modifications of those forms 
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of the feathered type “arc conveniently distinguished by technical 
tonns, such as: — sinuate^ a form either of the pinnatijid or jp^nnatisect 
leaf, when the excavations and the apices of the lobes are rounded, 
as in the commoif Oak-leaf ; hjrate, a pinnatifid or pinnatipart^ 
loaf, with the end lobe muen lar^r than the rest (fig. 86) ; run- 
cinate, a hjrate or simply jdmiafijid leaf with the points of th4# lateral 
lobes tunied toT\'ards the base, as in the Dandelion. When the in- 
cisions arc deep, but very irregular in size and form, the term lad- 
niate is sometimes employed. 

When the ribs have the palmate arrangement, similar terns arc 
subjoined to the prefix or pr/Zma/?-, asjjalmi/id (fig. 87),y>«Z- 

ratsect (fig. 80), said palmipartiU: (fig. 88), according to the depth of 

Fig. 88. 



A palmifld leaf, A palinipartite loaf, the lobes undulated. 


the divisions. A special modification of this type occurs not iinfre- 
(piently, when th(' lower or outer ribs, and consequently the basilar 
lobes, turn back more or less towards the petiole : such leaves are 
generally deeply cut : but the general prefix pedail- may be used in 
the words pedatijid, pfdatisid, or pedatlpartite (fig. 00), according 
to the rule given above. 


Fig. 89. Fig. 90. 



I) 5 


A palmieeot leaf. 
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The bilohedf trilobed^ quinquelobed^ and similar forms arc usually re- 
ferable to the palmate typo, and should be more definitely named if tlit^y 
occur in a genus wlierti the leaves exhibit many of these forms in & constant 
manner ; if the leaves ai-e inconstant in the depth o^* the divisions, these 
^ore general names are preferable. 

94. JSimple leaves divided on the feathered plan exhibit also mon^ 
complicated conditions. The primary lobes of a piniiately cut leaf 
may be subdivided again in the same manner, and the secondary 
lobes again into tertiary lobqs. These are named on the same prin- 
ciples, bipinnati^ or tripinnati- -sret^ or -partite, according to 

the degree of division of the last set of lobes, i. e. of the secondary 
lobes of bipimiatifid (fig. 01) and the tertiary of tripiiinatifid. When 
the’ leaves are subdivided a fourth time, or even where tripinnatisect 
leaves have filiform segments, the term dissected is usually employed. 

In the foregoing paragraphs we have endeavoured to exclude those 
numerous technical terms which are either indefinite or superfluous, 
and may be relegated to glossaries. It must be home in mind that the 
terms alcove defined are applied in a similar manner to tlu^ leaflets of 
compound leaves, next to be described, being subjoined in description to 
the terms which define the plan and degree of division of the petiole. 

95. Compound leaves are such as have the petiole branched once 
or more times before it bears blades ; the branches of the petiole 
are called partial petioles or petiohdes, and are often articulated to 
the main petiole, which in this case is occasionally tenued tlu' 
ratfiis. Stipels o,ccur at the bases of some partial petioles. I’he 
separate blades of the leaf are culled leaflets ( follola), or plnmr. 
Compound leaves may be classed generally into simply, doubly, 
trifdy compound or decompound (siipradecomposita), according to 
the number of successive branchings of the petiole. The ramifi- 
cation follows the same types as that of the ribs of simple leaves, 
and exhibits analogous subordinate modifications. 

Pimxate leaves are such as have a rachis bearing sessile or stalked 


Fig. 91. Fig. 92. Fig. 93. 



A bipteaatifiA leoC An imparipinj^^ leal A {wripmnate leaf. 



lateral leaflets arranged on the feathered plan. Sometimes there is 
an odd terminal le&flet, when the leaf is unequaUy or impari^ pinnate 
(fig. 92). When there is no end leaflet, the leaf is ahrupUy or 
pari'- pinnate (flg. *9^1). Interruptedly pinnate means that the opp^ 



rij;. iU. A pominate, or nnijupat^* pinnate leaf. 

Fip. to. \ bipinnat4' leaf, the pinnie unijugate. 

Fig. A hipinnatc leaf, the multijugate pinn» panpinnate. 


site pairs of leaflets arc alternately large and small, as in Agr^monia. 
The pairs of leaflets are sometimes called Juga^ and if only one pair 
exists, the loaf is imijuaate (tig. 94) ; if more pairs, muUijugatt. If 
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the leaflets are not in pairs, but alternate with each other, the leaf is 
(dtemiphinate. 

. Blpinnate leaves are formed when the ihain petiole bears secondary 
petioles with distinct leaflets pinnately arranged (figs. 95-97). Tri^ 
pinnate leaves exhibit an additional (tertiary) series of partial petioles 
with df&tinct leaflets (fig. 98). When the division goes beyond the 
third degree, the leaves are called decompound (fig. 99) ; but it is 
more common to find bipinna te or tripinnato leaves with their 
leaflets pinnatifid, -partite, 

PalmaU (or digikite) leaves are such as have a number of distinct 
leaflets arising from one point, like the ribs of a simple leaf when the 
plan is palminerved, or tcipahnate leaves probably do not exist. 
The only modification appears to Jio the pedate loaf, analogous to 
the pedatisect simple leaf, but with distinct leaflets (fig. 100). 


Fig. 99. 



Fig. 90. A pinnstelj decompound leaf. 
Fig. 100. A pedate leaf. • 


Fig. 100. 



Fig. 101. 



Fig. 101. A teniate leaf with obcordate leaflets. 


The terms ternate,qinmt€,an(i septenate arc often applied to pSlmate 
leaves with a definite^number of leaflets, Ter'nate leaves, however, may 
occur either on the palmate (fig. 101 ) or pinnate plan; if on the latter, 
there is only one pair of latcnfl leafiets and a terminal one, but in 
these the petiole is ordinarily developed between the pair of leaflets 
and the end one. What are called hitermU (fig. 102) and tritemate 
componjid leaves are in most cases pinnate leaves with unijugate 
and terminal leaflets. Such leaves should perhaps be caUod tematc^ 
pinnate or bitemalo-pinnatei • 



THE LEAF. 


61 


A modified form^ apparently intermediate between pinncAe and palmate 
leaves, like terfMte leaves, occurs through the suppression of the main 
rachis of the bipinnate leaves of some Acacias, gfving what may be 
called a palmipinmt(h ioxm (fig, 103). J- 



Fig. 102. A biU'rnate leaf. Fig. 103. A palmipinnate leaf. 


The leaflets of compound leaves of Flowering plants are ordinarily 
calk'd and their subdivisions hhe&\ but in tne Ferns, where tlie 

leaves are highly compound, and the segments somewhat variable in the 
degree of continence, the primary divisions of the leaf are called pinnfe^ 
the secondary pinnnUs^ and the tertiary lobes or segments. In highly 
compound leaves, the ramification of the potiole and subdivision of the 
lamiuar structure become less complex toward the apex. 

96. The varieties of texture of ordinary leaves depend chiefly 
upon their anatomical condition; but it is requisite to notice here 
several terms, such as membranous, leathery (or coriaceous), swe- 
cnlent, &c., used in Descriptive Botany, but which scarcely require 
explanation. In acpiatic plants the leaves are usually of slighter 
texture : when they float on water {natant leaves) the forms and 
general extcnial characters are not much modified ; but when they 
grow wholly under water {submerged leaves), they are not only more 
delicate, but aro sometimes cut up into fine filiform segments, as 
in lianunculus aqwitllis, 

97. The duration is difTerent in different plants. Those which 
are unfolded in spring and fall off in autifmn arc called deciduous. 
What are called evergreen loaves vary in duration : thus in ordinarj' 
evergreens, such as Ivy, Cliorry-laurel {Pntnu\ Laurocerasus), &c., 
the leaves remain through the winter and fall off only when the new 
ones are becoming developed in the spring ; while in many Conifers, 
as in species of l^nus, Araucaria, &c., the leaves remain attached 
for many years. 

^ The anatomical structure of leaves exhibits many inteiystinflr modifica- 
tions, related in some degree to the media and climates in which plants 
grow. These will be more particularly explained in another place. 
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98. The surfaces of leaves, like those of herbaceous stems, exhibit 
a variety of conditions dej^endent on the character of the epidermal 
layer. The term ylahrous indicates a smooth surface without hairs 
ot other appendages ; ylahrescent is used to signify that a surface, 
hairy when young, becomes smooth when the leaf is mature, by the 
hairs falling off. Some smooth surfaces arc sJiimng ; and this is very 
often the case with the upper surface of evergreen leaves. Hairy 
surfaces are differently denominated, according to the character of the 
hairs and their mode of occurrence. Thus a pilose surface is covered 
with scattered soft and small hairs, a hirsute with scattered long hairs, 
a hispid with scattered stiff hairs ; while a pidiescent surface is covered 
closely with short soft hairs, a villous closely with longish wpak 
hairs ; and when the hairs are curled and interwoven, the terms silky 
(sericeiis), woolly {lanatus), felted (tomentosus), or Jloccose, are applied, 
according to the coarseness of the hairs and the thickness of the coat 
they form. 

99. What may he called the natural smoothness of surfaces may 
be interfered with by other irregularities analogous in their nature to 
hairs. Slight, almost invisible rigid projectious render the surface 
scabrous ; hard rigid hair-like processes, called bristles or seUe, make 
the surface setose ; and similar structures still more developed (oc- 
curring mostly at the apex and the points of the teeth of leaves), 
called sometimes occur and produce a sjriuoMs surface. Modified, 
usually compound hairs, containing oily or resinous secretions, are 
called glandular haired rendering a surface viscous or gliUinouSy which 
conditions, however, are sometimes produced by glands sunk in the 
epidermis. Stings are long stiffish hail's containing an irritating fluid. 
Scaly (lepidotus) surfaces are produced by the occurrence of minuU^ 
stalked flat scales, analogous in their nature to hairs. Sometimes 
the cuticular layer of the leaf separates in minute scale-Hke frag- 
ments, giving a scurfy appearance to the surface, which is termed 
furfwraeeous (as in the leaves of the Pine-apple and its allies). The 
pruinose condition is that which results firom the conversion of the 
cuticle into a thin detachable film of waxy matter, of which the 

bloom of plums, grapes, &c. affords an example. 

Special Madijkaixms of the Leaf and its Parts* 

100. Under the tead x)f the petiole we have spoken of phyUodia 
as blade-like forms of the petiole (figs. 50 & 51). Not only does the 
leaf-stalk exhibit this and other modifications, disguising Its real 
natare^ but the^ blade also and the stipules are subject to similar 
ipodific^dns, in which the organ or r^on is only recognisable by 
its position and relations. 

As these metanK^hic structures Ml under certain types^ which are 
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represented in different c^s by all the different regions of the leaf, it is 
most convenient to describe them under special names. 

101. Pitchers (ayidia) are structures of the form indicated by 
their name, produced by peculiar modes of development of the petiole, 
the blade, or of both together. One of the best-known examples b 
found in the Nepenthes, or Pitcher-plants, in which a portion of the 
leaves exhibit a very long stalk, winged at the base, supporting at 
its extremity a pitcher-like sac of ordinary 
leafy texture, furnished at its mouth with a 
little flat plate resembling a lid (fig. 104). 

The pitcher is commonly explained as a kind 
of phijllode, or foliaceous petiole, rolled up, 
and with its margins confluent, the lid-like 
body being regarded as the lamina ; but it 
appears more correct to consider the pitcher as 
the lamina furnished with a distinct terminal 
lobe (operndam), iSarrac^iia, a North-Ame- 
rican bog-plant, has analogous pitchers, which 
are sessile at the base of the flowering stem ; 

Ildiamphora (Guiana) has the pitchers less 
complete, the inner side being slit down as it 
were for some distance, from the imperfect Pitcher of 
confluence of the margins of the leaf. In Dischidia Raffiesiana the 
pitchers are plainly formed from the blade, and are open at the 
end next the petiole ; and a similar condition exists in the pitchers 
formed from the bracts of Marc<fraavia and Norantea, ^ 

Somewhat allied to the above, on a small scale, are Fig. 105. 
the ntricidl, or sacs of the Uirmdaria; (fig. 105), 
little bludder-like organs, closed at first by a lid, 
developed from some of the lobes of the cum pound 
leaves of these aquatic plants, and apparently serving 
as “ floats.” In other aquatics (iTrerjja, Pontedtria, &c.) 
floats are formed by inflated petioles, constituting as 
it were indehiscent pitchers, surmounted by ordinary 
blades. 

• 

Teratological illustrations of the origin of pitchers are occasionally 
afforded by garden nlants. This has been especially observed in the 
Tulip, in which the leaf next the flower-stalk lias* been found >vith its 
margins completely confluent into a kind of spathe, which bursts by a 
transverse Assure to allow the flower to ffppear. 

102. Tendrils (cirri) are throad-like processes, curled spirally, 
W which weak-stemmod plants attach themselves foreign bodies, 
lliey may bo modifications of any part of the leaf or of a' branch. 
In Laihyrus the blade-structure of the leaf is more or less deficient 
in different species. In L, Ap!$ica (fig. 106) it is wholly wanting, 





64 MORPHOLOGY, OR COMPARATIVE ANATOMY. 

the petiole running out into a tendril, which may be regarded as 
consisting either of the leaf-stalk alone, or of this and the midrib of 
the lamina. In L. odoratus (Sweet Pea) the ^innately compound 


Fig. lOG. 



leaf has one pair of leaflets, and usually one pair of tendrils, and a 
terminal tendril in the ordinary place of the remaining leaflet. In 
the edible garden Pea there are several pairs of leaflets, and often 
several pairs of tendrils, with a terminal one. In Glor'ma 
a Liliaceous plant, the broad simple lamina runs out into a terminal 
tendril (fig. 107). In Smilax (fig. lOS) the two stipules are repro- 
seflted by a pair of tendrils ; while in the Cucurbitaccm one tendril 
only occurs, which some regard as a stipule, others as a metamor- 
phosed leaf, others, again, as a branch. 

Fig. lOD. 



The tendrils of the Vine (fig. 109) areonodified flowering branches^ placed 
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opposite to leaves, and often tnberculated by the existence of abortive 
flowor-biids. The nature of the axillary tendrils of Passion-flowers is 
similar. 

103. Spines (spincp) arc hard, sharp-pointed 
woody processes, formed, like tendrils, by mo- 
dification of entire organs or parts of such. 

Thus, in the common Berberry some of the leaves 
are reproseritod by compound spines, in the axils 
of which arise ftxsciculate groups of leaVes. In 
the False Acacia- tree (liohtnia Fseudamcia) 
the stipules are represented by a pair of spines 
at the base of the petiole (fig. 110), while in 
riTtain s])ecies of the petioles aro 

converted into spines after the fall of their leaflets, 

Spinous processes arc developed upon the ptdiole 
in tlic upper part of the compound leaves of cer- 
tain Palms (Phctocomin)» 

True spines, liowever, are more frequently dependencies of the stem, 
closely associated with the heaves : thus in the Uooseberry they are de- 
veloped from th«? prtlmim, or protuberance below the base of the petiole. 
In the Black-thorn {Pnoim spinom) the spines an" real branches (fig. Ill), 
ns also are the j«pinesof OhdihcJii-a trincanthos (fig. 112), and the principal 
spines of Furze (LVe.r), in which, however, the points of the leaves are 
spinous also. 


Fig. no. . 



Baie of the leaf of JRo- 
8ti}>uleBde* 
veloped aa spines. 


Fig, 111. 



Hg, 112. 



Fig. 111. Spinooii branch of Fninw# (Blacitcothora). 

Fig. 112. Si^inoaa branch of OMit^ckia truMtrUko*. 


104. Thorns (acidei)^ properly so-called, are 8harj> woody pro- 
cesses, straight or curved, occurring upon stems, leaf-stalks, at the 
points or on the margins, or upper surface of leaves. They are di- 
stingiushcd from true spines by their originating from the*epidermis, 
like hairs, glands, &c., and by having no connexion with the internal 
woody 8u^;N8tanco of the stem or iiba of the leaves &c. 
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105. Glands , — This is perhaps the most convenient place to men- 
tion the nodular or discoid glandular bodies that occur in connexion 
.with certain loaves, as on the petioles of Pa ssi flora &c. Thej- are 
’distinct in their nature from the epidermal glands above mentioned 
(§ 99), and considerable attention has been directed to them on 
morphological grounds; hence they will be adverted to again in 
speaking of the dower. 

Sect. 5 . The Leaf-btji). 

106. The bud is a compound structure, composed of a solid conical 
basis, supporting a number of nidiraentarj leaves. In the leaf-bud^ 
or rudiment of a shoot, the conical base represents the future stem, 
with its intemodes as jet undeveloped ; the scales are either entirclj 
rudimentary leaves, or a portion of them on the outside are modi- 
fied leaf-structures, forming scales for the protection of the inner 
leaves, and destined to fiiU off when the bud expands. In the early 
conditions, thejloiver-hud is essentially analogous to a leaf-bud; but 
its ultimate history is different, as will be shown hereafter. 

Many of the general characters of buds have been described already, 
under the bead of the stem ; but there are some other more .special pecu- 
liarities which require separate treatment here ; jmd repetition of certain 
more important facts will not be di.sadvantageous. 

107. In all seeds, except in those of the few Orders which present 
an incomplete or acot}dedonous embryo, the young jdant is possessed of 
a rudimentary bud, called the plumnlej situated at the point of growth 
ofi its ascending axis (figs. 113-1 15). This is the terminal bud of the 


Fig. 115. 



RSg. 113. Monoootyiedonoas embryo of J^tamogeton. cut throaf^h pcrpondioolAriy : a, nwlicle ; 
b, coi^ledon ; c, plumule. 

Fig. 114. Diootyleaonous erahrro of the Bean (Faha)^ with tht ''-'itjledons b* hf* nepurated : a, 
radicle ; e. plumule. 

Fig. lia INiMTam of*a germinating Dicotyledon, with the plumule or terminal bud between 
• ne expanded cotyledons. 


young plant ; and sterna and shoots only retain the power of elongating 
80 long as they possess such a bud at thek extremity. When it is 
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removed by artificial means, by frost, or, by metamorphosis^ is re- 
placed by a flower, the onward growth of the shoot ceases. In the 
Dicotyledons the power of growth generally becomes early distri- 
buted among a number of buds ; but in many Monocotyledons the 
terminal bud rotiiins its original preeminence, becomes very large, 
and by its continuous evolution produces an unbranched, emumnar 
stem, as in the Palms, <fec. 

Those Ferns which become arborescent, likewise grow by a single lafge 
terminal bud. The Lycnpodiacete exhibit a curious series of bifurcations, 
which seem to arise from the suppression of the terminal bud every time 
ramification is repeated. 

108. Axillary buds arc the origin of the ramification of stems. 
They are developed in the a.vlls of leaves ; and as they unfold into 
secondaiy axes, they become the terminal buds of such shoots. Other 
axillary buds are formed at the nodt« of these secondary shoots, to 
repeat the ramification by developing into tertiary" axes according to 
the type of the specie's. 

It is evident from this, that the mode of branching of a stem must 
ho essentially dependent on the arrangement of leaves; but a com- 
plication arises from the freepient suppression or non-development of 
the axillary buds, often according to a regular plain ; and, in fact, it 
is very seldom that all the axillary buds of a stem are developed 
(figs. 116 & 117). 

Fig. 116. 

Fig. lift. InMnito ram iff cat ion, deTelopiiK^nt of fcpnniiial and oxillarr bnda 

Fig. 117. Definite' nimifl(*ation, with nrrt*8t of the terminal and develo}>ment of the arillary 
budu, produoing bifurcation. 

This abortion of axillary buds is most extensively displayed in Mono- 
cotyledons ; for the frequent existenct^ of dormant budii in the leaf-axils, 
even of Palms, is shown not only by the occasitmal protluction of isolated 
lateral shoots, but by the frequent, and iif some coses con.staiit, development 
of buds in the axils of the basilar leaves, forming suckers round the l>ase of 
the stem. A similar phenomenon occurs in the propagation of lydh kc. 

Among Dicotyledonous plants, the influence of the suppreseioh pf buds 
in regular order is very great. In the I.iabiatae we have opposite leaves ; 
and as pairs of axillary buds are developed, the ramification is generally 
very symmetrical ; in some of the Vatyophyllaom with similarly decussak 


Fig. 117. 
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opposite leaves, one axillary bud only is developed, and the other is sup- 
pressed at each node, so that the hranclies, arisinj^ one by one, stand 
spirally arranged upon the stem. In the Firs, the branches often appear 

arise in whorls, owing to the peruxlical developmeui of a number ot buds 
in the axils of closely succeeding spirally arranged leaves, with long 
intervals of total abortion. 

The Ash gi*ows year after year from its terminal bud, which closes up 
into a winter-bud in the autumn. In the Hazel, Elm, &c., the terminal 
bud is not developed in the autumn, and the axillary bud next below con- 
tinues the growth. In the Ilofae-chestnut (Hg. 121), the terminal bud of 
the annual shoot resolves itself into an inflorescence, and the gn^wth of 


the next year depends upon the axillary buds ; the same is the case in the 
Lilac (St/rhtf/a vulffaris) (Hg. 11?^), in which, 110 

however, in this country, the terminal bud is ^ * 

generally killed by frost in the winter, and the 

pair of axillary buds next lxd(»w produce A 

blassom, causing still more marked bifurcation 

of the branches. ^ f II 

As a general rule, of course, the freqiumt rS 

suppression or conversion int^> blossom of ' ft 

terminal buds tends to produce a bushy W 

mode of growth, and vwe verm. In addition h 

to this, tne relative force of development of hA 

terininal and axillary buds is very important | 

in determining general fonn, as we see in 
comparing the Black Poplar with its common 

tall variety (the Lombardy Poplar), or Ooni- ^ W 

ferous trees generally with deciduous trees. \ I 

Even among the individuals of the same I 1 

spacies we observe great differences in this Fij?. ii**. Shoot qf ri#*. 

* * j j , strovrd down to tlu* tirst pair 

respect, dependent on external conditions; of axuiarv hnd«. 

for both THcotvledonous trees and Conifers Fij;. iu>. A'Bhoot, with a t<Tminni 
dierer much in the relative proportion of main 
trunk and branches, when grown in close ’ ’ ' . 

plantations, or standing in open situations. 

Ordinarily, only one bud exists in an axil m 

(fi^. 1 19) ; but frequent exceptions to this occur, ^ ^ 

as m some species of Maple, in Honeysuckles 
(fig. 120), and in the Walnut. Howewr, one 
of these is generally much larger than the ir ™ 

rest, and is called the principal bud, while the Kumcrona axillary bad* of 
others are accefp^qrjf. Lonu?*ra. 

In the family of Solanacem the axillary buds often occur in an irregular 
position, arising from*the stem at a little distance above empty leaf-axils. 
ITiiB is supposed to bo due to tl|p cohesion of the stalk of the bud with 
the stenL 


(<») and solitary axillan' Imds 
( 6 ,^ 6 ). 

Fig. 120. 


Kumcrona axillary bnds of 
Lonicfra. 


109. Adventitioug or acddentnl buds are those which appear, con- 
trary to th*e usual order, at indefinite points, unconnected with the 
axils of leaves. Generally speaking they are abnormal products, 
prpsenimg themselves under special conditions. They usuaUy occur 
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on organs in a very active state of vitality, subjected to stimulating 
external conditions, especially whore, through natural or artificial 
operations, there is an absence or insufficiency of normal buds to 
carry otf the developmental energy of the plant or organ. ' 

Adventitious buds may be produced from any part of the plants With 
regard to those produced on old stems, as In pollarded trees, or those which 
occur on subterraneous stolons, as in the Rose, Ash, &c., it is not always 
easy to decide without dissection whether the buds are really adventitious 
or merely latent iixillary buds stimulated tiiio development ; but true ad- 
ventitious buds do occur. The production of adventitious buds on true 
roots has been frequently observed, as in Pifi us Japonua, Madura auran- 
tiaca, Pauioivnia imperialis, <S:c. ; and the Aneintne japmiim is commonly 
propagated by cuttings of the root. The formation of adventitious 
buds on leaves is a still more remai'kable physiological phenomenon. It 
has been obser\*ed chiefly in succulent leaves, but is not exclusively con- 
lined to them. When ft takes place, the first sign of development is the 
production of adventitious roots, followed by the foimation of a cellular 
iKtdiile which subsequently assumes the character of a bud. Among 
natural examples, the leaves of Cnrdamine pratcmin have been observed 
to form adventitious roots on the lower side when lying upon wet gi*ound, 
and ev('n to product.' buds ; the leaves of several Ferns, such as Woodtcar^ 
dia radicanSf root at the end, and produce buds which propagate the plant ; 
and many similar instances might be cited. Artificial production of buds 
on leaves* is now a familiar fact, under tlie influence of heat &d moisture, 
not only on the scales of bulbs, but oii the gretui leaves or even fragments 
of the leaves of BrytphyUum^ Evhei^na^ (rhxmia^ OtmarHf Iloyay 
the Oranye and the Aucuha Japonica mav also l)e propagated by their 
h aves. JScaiielimes the loaves produce rootlets tdone, and remain stationary 
thero, without having force* enough to develope a bud. • 

The formation of nuventitious buds on leaves, especially in BrxprphyUtnny 
where a number art) often produced, arrangetl on the margin, is of great 
iiil* rest in connexion with the theories of tht? structure of ovaries and 
tht* origin of their ovules. 

1 10. The bud which continues the growth from the plumule of a 
germinating plant (fig. 1 15), and the axillary buds produced during 
a season of active growth, arc composed of rudimentary leaves ; but 
the winter- or resting buds formed on most deciduous trees and 
shrubs of temperate climates present the jjeeuliarly modified foliar 
organs called hud-scales {itytneuia), analogous to the scales of bulbs 
and other subterraneous buds of herbaceous plants (figs. 121 & 122). 
Buds without scales are called naked. The scal^, when present, are 
mostly of leathery or membranous texture, and are often clothed 
more or less densely with hairs, which are sometimes glandular and* 
produce a resinous or glutinous secretion, which exudes when the 
buds swell. 

When winter-buds swell and open, throwing off their scales, the inter- 
nodes between the latter do not dongate, whue those between the nas- 
cent leaves do ; consequently the^stoxtiDg-point of each annual period 




Pig. 121. Section of the end of a phoot of the Horjie-cheatnut, showing the terminal and two 
axi^ary buds; the terminal bud contiuns an inflorescence, aurruunded by S(»Ues 
ana rudimentary leavee. 

Fig- 123. Bud-scales a, 6, and rudimentary leares d, from the winter-bud of Prunu* rium. 


111. The first ‘two scales of a bud usually stand right jiiid loft of 
the axil on which the bud arises; the succeeding scalo.s assume at 
onpe the regular character of arrangement of the loaves of the 
species. 

In winter-buds there is commonly a gradual transition from the 
pure scale to the true leaf (fig. 122), as occurs in bulbs ; and the 
scales, as in bulbs, are refenible chiefly to the vaginal or jM'tioIar 
portion of the leaf. But the scales originate difierently in different 
cases : thus we have 2 Htiolar scales, as in the Walnut and Horse- 
ehestnut ; stlpular scales, as in the Yiue, Oaks, Elm, Poplars, &c. ; in 
this case, however, especially in the outer scales, the stipules and the 
petiole are confluent into one organ (Frunm, Jiosa, &c.) (fig. 122). 
Fdicu^eous scales are formed by the blade of the leaf, of which we 
have examples in the Lilac, Maples, Coniferee, &c. 

112. The mode dn which rudimentary loaves are arranged in 

leaf-buds is called the and fumishes important syste- 

matic characters. Two poinlaThave to bo regarded here, viz. : — 

1, the arrangement of the leaves in relation to each other ; and, 

2, the mapner m which each separate leaf is folded. The general 

arrangement is called imbricate or valvate, accojM^g as the margins 
of the leaves overlap one another or shi^ply overlapping ; 

but more minute distiuctions are obsarv^, aimtncee depend to a great 
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extent on the phyllotaxy of the species. Thus with the or other 
spiral plan, we have usually triquetrous (fig. 124) or quincuncial (fig. 
126) imbricatthM^^ proper ; with alternate ^ or distichous leaves the*, 
vernation may be equltant (fig. 123), where each leaf, sharply folded' 


Fig. 124. Fig. 126. 



8<»ctioni of Buds showing vernation. 

Fig. 12*f. Imbricated, and equiUnt (of a Grass). 
Fig. 124. Tmbri<'at<*d, triquetrous (of a Cares). 
Fig, FiT). Indiqdicatts decussate (of the Apple). 
Fig. 12tl. lmbncaU*d, quincuncial (of a Poplar). 


(con(h(pJicaU)y completely embraces its successor (as in the Flag), or 
half-eqnitcmt or ohvoluie, where the leaves are similarly folded, hut 
each leaf embraces only one (lateral) half of the blade of its successor. 
Valvate buds occur mostly where the leaves are opposite ; ‘a modifi- 
cation of this form exists w’here the margins of the leaves are rolled 
inwards (fig. 125), and is called induplicate vernation, 

1 13, The individual leaves in a hud are either folded^ or 
roUed, For the first, of course, no special term is requisite. Of the 
folded leaves wo have ; — reclinate, or inflexed, where the leaf is 
folded horizontally, so that the point is brought down to the base 
{Liriodendron) ; ccauIupJicate (fig. 123), M’here the leaf is folded per- 
pendicularly at the midrib 

and the lateral halves are ^27. Fig. 128. Fig. 129. 


placed face to face (Oak); 
tin^plkate (fig. 1 27), where 
the blade exhibits several 
perpendicular folds, as in a 
fan (Vine, Beech, Maple, 
Currant, &c.) ; this last is 
often combined with the 
preceding. When rolled 



c/\o 


Fig. I3T. Vrrniktion of . pUnte Irtf 
12S. Vernatiun of a convolute l«if. 
Fif. 139. VeruaUon of rryolute loaves. 


up, also, this may take plagg|HlUier direction ; where the apex of 
the leaf is rolled down towara the base, as in the Ferns and in 
the flower-stalk of DroBera, it is tdHinaU ; if the leaf is rolled up from 
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side to side like a plan, with only one edge free, as in the Cherry 
<fec., it is cmvolute (fig. 128) ; when both margins are rolled inward 
.toward the midrib, it is involute (fig. 125) ; and when both margins 
are rolled outward toward the midrib, it is revointe (fig. 129). 

AU.these tenns, both the individual and the collective, are applied in the 
same way to the arrangement of the parts of flower-buds, called (estivation. 


Sect. 6. The Ixplorescence. 

114. In all Flowering Plants, a portion of the buds change their 
character at certain periods and in certain situations. They cease 
to produce leafy shoots ; the foliaccoiis organs of which they an* 
composed are gradually develoix^d into that assemblage of organs 
which constitutes a flower (§21). 

So intimately are the leaf-bud and flower-bud related, that, under 
peculiar conditions, producing monstrous growths, flowor-buds are st'en 
to expand into tufts of gi*een leaves, or imperfect flowers to throw out 
leafy shoots from their centres ; such cases are often obsert ed, for instance, 
in cultivated Roses ; and leaf-shoots may likewise exhibit more or less of 
the characteristics of a flower, &c. 

115. Flower-buds are subject to the same laws of arrangement 
as leaf-buds. The buds which commence the growth of the repro- 
ductive structures may be at once developed into solitary flowers, or, 
as is more common, the blossom-buds unfold into a system of 
branches terminating in flowers, the branches all ongiuating in the 
a^dls of modified leaves, called braets. The solitary flower, or the 
connected system of flowers arising from one point, is called the 
inflorescence, which is oHhoT iermiiiwl (fig. 130) or annllar^ (&g. 131). 

The inflorescence is produced from the terminal bud, or from this and 
one or more of the upper axillary buds in most annual plants ; and thorf 3 is 
often a gradual transition from the true-leaf stem iftto the bract-region, 
or inflorescence. The same is the case, to a great extent, with the 
flowering stems of biennials. The inflorescence of herbaceous pen;nnial«, 
bulbs, &c. is either terminal or axillary (§§ 40-48), as is that of arbo- 
rescent plants. In the Horse-chestnut ffiff. 121) and Lilac, for example, 
each terminal bud ends ip a blossom^ whue in the Apple and its allies 
the inflorescence is axillary. 

When the inflorescence is developed from the terminal bud of an un- 
Ifranched stem, the growth of the ^ant ends in the blossoming, as is the 
case in the Agave or American Aloe, the Talipot and other Palms, which 
require a number of years to biing them to the point of flowering, and 
then die away, like a bulb with a terminal inflorescence, the plant, 
howevCT, sometimes propagated at the same time by offsets from 
the qxils/)f th^ lower leaves. The inflorescence of other unbranched 
Palms, such as the Cocoa-nut, is axillary, and thus may be repeated 
indefinitely. « 

116« A flower-bad may be either MsUe or stalked ; if the latter^ 
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its stalk is called peduncle ; in branched forms of inflorescence, 
the slender stalks of the individual flowers are called fwdtcefe. 

Fig. 130. Fig. 131, < 



180. Ditigram of thi> Cow^ilip. the flotTerinj; »t4>ni (se&pe) arising from. # terminal bxi^. 
Fig. 131. Diamm of PlanUi^ meUiat the spiked flowering stems arising from the axils 
tlie leaves. 


1 17. The simplest forms of inflorescence consist of solitary flowers, 
either terminal, as in the Tulip, or axillar}’, w hen simple pedun- 
cles arise from the axils of ordinary leaves, as in Lysimachia Num-- 
miliaria. See, 

118. The term f fcap e (seajms) is applied to a stem devoid of true 

leaves, arising underground from the terminal bud or from the axil 
of a scale or leaf of a rhizome, bulb, &c . ; this may be simjyle, as in 
the case of the Tulip, the Primrose, &c., or cmipmnd, as in the 
Hyacinth, Cowslip (fig. 130), the Plantain, &c. (fig. 131); it may be 
called compound dso when it terminates in a as in the 

Dandelion, Daisy, See, 

When solitary flowers arise in the axite of ordinary leaves, the flower- 
leaf or bract-region of the stem is scarcely rewesented ; but, generally 
speaking, those parts of the stem which bear nowers are separated to a 
certain extent from the true-leaf region, and form a distinct association of 
parts, representing the bract-region ; such is distinctly the case in the 
compound scapes of the plants a&ve referred to (fijg. 131). In the flower- 
ing stems of annufds and biennials 4t is often ^moult to draw a line at 

s 
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the boundary of the true-leaf region and the inflore^ence, from the leaves 
passing insensibly into bracts from below upwards, as in the Foxglove. 

119. The leaves of the flower-leaf region of the stem are called 
^hracts. They are mostly smaller than the leaves preceding them, 

usually simple, and often scale-like, consisting of the vaginal portion 
of the leaf only. In the generality of cqpes they are green ; but not 
unfrequcntly they are tinged with the same colours as flowers (as in 
various Sages), or are even entirely petaloid. In other cases they 
are membranous, and then often very transient in their existence. 
The diminutive term hraeteoh is applied to the small bracts which 
o^cur on the pedicels of certain plants, often in pairs. 

The term bracteole is loosely applied by some authors to the smaller 
bracts of a compound inflorescence ; but it is much more convenient to 
use the term bract for all leaves which subtend branches of the inflo- 
rescence, and to call those scales hracteoks which occur on an ultimate 
pedicel, as in many Leguminosae. 

120. As a general rule, all^ ramifications of inflorescence arise in 
the axils of bracts ; but the bracts are sometimes regularly abortive, 
as in the Cruciferm. On the other hand, we sometimes find the 
lower part of the inflorescence crowded with bracts with empty 


121. In many Monocotylcdonous plants the bract subtending the 
inflorescence is large, and forms a kind of sheath, called a spathe. 
Sometimes this surrounds only one flower, as in the Daffodil, the Flag, 
&c., where it is of membranous texture ; the membranous spathe of 
Onion and its allies encloses a dense inflorescence ; in the Ara- 
cetB (fig. 133) it is still more developed, and sometimes of petaloid • 
structure, as in* the so-called Trumpet-lily (Eichacdia cc(hiopica), 
where it encloses th6 club-like inflorescence ; while in the Palms 


(fig. 134) it assumes enormous dimensions and a leaf-like or even 
fibrous texture, forming a sheath to a largo and greatly ramified 


inflorescence. 

122, In other cases, bracts are collected together, forming a whorl 
or densely packed spire, called tin involucre. The Umbellifene have 
frequently verticillate involucres at the base of the umbels, and 
sometimes secondary whorls or involuceh at the secondary umbels 
(fig. 140). In the Composite also, where the flowers are crowded 
on a common receptacle, the bracts form an involucre (figrf. 141-146), 
the parts of which are sometimes called p}iyllarm\ smaller scale- 
like bracts occurring amon^f the florets of these capitula are called 

(figs. 145 & 146). Other examples of involucre are furnished 
oy the mpule^ of the Oak, Beech, Filbert, &c,, also by the glumes or 
two out^ scales of the spikelcts of Grasses. 

123. Hie different forms of the Inflorescence or connected systems 
of floral axes are divisible into tw# classes -1, thp vndejimtey where 
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the terminal bud of the main or primary axis does not form a flower, 
the flowers being borne on secmdary lateral branches ; and, 2, the 
definite^ where ihQjprimary axes bear terminal flower-buds, while 
the succeeding flowers spring from secondary axillary branches pro- 
duced lower down, and subsequently to the terminal bud. 

Examples of the first are seen in the Cruciferae, es^cially the Wall- 
flower, where a few flowers at first appear in a tuft, while the seed-vessels 
are afterwards wide apart on an elongated raceme, the uppermost 
being the youngest. In the Foxglove and similar plants we maj pro- 
duce a very long development of the indefinite structure by piclong off 
the lower flowers as they wither, when, as no seed is formed, the inde- 
finite terminal bud retains its energy, and continues to lengthen until Ihe 
plant is exhausted. On the other hand we observ e, in the Sweet-William, 
the Elder, and the Hydrangea, the centre flower of a tuft opens first, and 
the definite inflorescence becomes wider snd wider, but never grows out 
in th^ centre. , > 



Fig. 132. Splko of VeTh9na offlcinalit. Fig. 134. Compomid spadix tad ^the of a Palm 
Fig. 133. Spadix and spathe of Calla^ Fig. 135. Spike, mth spikelets. ^fLoUam. 

124 , The flow'crs generally open in the order of their development ; 
and thus, when on indefinite inflorescence is of a flat-topped or 
crowded character, the outer flowera open first and the central 
last, as in the capitula of the Composite* Hence the indefinite 
forms of inflorescence are sometimes callod ceniHpdal^ and the 
definite centnfugah 

There is an exception to the ordinary re^larity in the ^pitiila of 
Dtpsacus (Teazel), where the florets open first halfway up7 a*id then 
proceed both centripetdly and centrUhgally, 

b2 
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125. Of the Indefinite Inflorescence the following are the most 
important forms : — the spike, the raceme, the corymb, the panicle, the 
umbel, and the capituhim. 

Of the Definite Inflorescence the chief kinds*are, the cyme (with 
its modifications), the fasciculus, and the ccenanthium, 

1261 The spike^ is a long simple axis or rachis bearing sessile 
flowers, either standing at intervals, as in the Vervain (fig. 132), 
or crowded, as in the common Plantain, TrighcMn, and many 
Sedges. 

^veral modifications of the spike have distinct names. When the 
rachis bears large, persistent, imbricated scales, it forms a cone or 
sti^ohile, as in the Eirs and Pines. When it is uiick and fleshy, with 
the flowers more or less imbedded in it, the term spadl^M applied, 
of which the Aracese furnish examples (fig. 133) ; the same term 
is conveniently retained when this fleshy axis is branched, as in the 
Palms (fig. 1^). The so-called spikes 
of many Grasses, such as Wheat, Barley, 

Eye-grass (fig. 135), Cafs-tail-grass, 

&c., are also compound spikes, since in 
place of single flowers the rachis bears 
• spikelets or short axes vfith several 
sessile flowers. The term catkin (amen-- 
turn) is applied to the ixiudent, often 
caducous, spike-Ae inflorescence of the 
Willow, Poplar,* Birch (fig. 136), and 
the male inflorescence of the Oak, Fil- 
bert, Chestnut, &c. ; in these the bracts 
have sometimes one, sometimes several 
flowers in their axils. 

127. The raceme differs only from the spike in having the flowers 
distinctly stalked, as in the Hyacinth^ jfegnonette, the Portugal 
Laurel, &c. 

The corymb is formed when the flowers originate as in the ra- 
ceme, but the lower ones are raised on longer stalks than the upper 
ones, so as to bring them all nearly on a level, as in Onii- 
ihogalum (fig. 137) &c.* 

As already noticed, a corymbose inflorescence sometimes grows out 
into a raceme while.the fruits are ripening, as is seen in many Urucifer®. 
The relation between the two forms, or, more properly, between the 
panicled and the corpnbose state of the same inflorescence, is well seen 
in comparing a Cauuflower as fit for the table, with the expanded in- 
florescence of the same plant when allowed to run to seed. 

128. The panich is formed when the lateral buds produce rami- 
fied axesimsteM of single flowers (fig. 138) ; it is hence merely a 
compound or branched raceme ; wbon the lower branches extend out 
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further horizontallyvUnd the entire inflorescence thus becomes pyra- 
midal, the term tJiyrse is occasionally used (Horse-chestnut). 


Tig. 138. 


Fig. 137. 




Corjrmb of Chinthngalum. 


Panicle of Alima Tlaniago, 


129. The umhclj^ formed by a number of single flowers borne on 
long stalks of nearly equal length arising from one point, as in the 



common Cherry, the Onion and its allies, Butomus mxhdUUns (fig. 
139), the Cowslip (fig. 130), &c. In the family of Umbelliferas, so 
caDed from the prevalence of this inflorescence, the umbels bxb mostly 
compotirul (fig. 140) ; that is, the first set of radii do not bear flowers, 
but secondary sets of radiating branches, forming timhtlhilis, or 
secondary umbels. •• 
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Umbeb usualir bare an involucre at the base of the radii, as noted 
above (S 122), The simple umbels of the Onion group are originally 
enclosed in a membranous spatiie. 

130. The capitulum is mostly formed by the floral axis expanding 
into a thickened ina^, surrounded by an involucre of overlapping 
bracts, presenting a oonvex, flat, or concave surface (common recep- 
tacle), upon which are crowded a number of sessile flowers, as in the 
families of Compositse and Dipsacecc) (figs. 141-146). ‘In the Com- 
posite there are often little membranous bracts (palece) at the out- 


Fig. 141. 


Fig. 142. 


Fig. 143. JPig> 144. 




Et 


145. SMtion of a capitulom of a Composito plant with palete at the base of the tubular 
and ligulate florets. 

Fig. 146. Section of an emptf capitulnm of a Composite plant with n paleaceous receptacle. 


side of each flower (figs. 145, 146) ; in the Dipsaceec each flower is 
surrounded by a cup-like involucre (fig. 142). 

The flowers crowded together in the capitula of Compositee are small 
and of various forms, so arranged as to give the wiiolethe outward aspect 
of a ringie flower j hence this inflorescence was formerly called a compound 
jfkmff and its involucre a eommm calyx, 

131. The flowers in the capitula of the Composite are called 
fioTsU \ different names are applied to this inflorescence, according 

to the mode of arrangement of the florets. In the Daisy, we observe 
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a yellow middle dkJc.mii a white or pinkish ray ; the disTc is com- 
]K>sed of florets different in character from the spreading florets^ 
of the ray (fig. 145j. Some capitula are wholly discoid, such as. 
those of Groundsel (Senecio vulgaris), of Thistles, &c. ; others are** 
wholly radiant, such as those of the Dandelion, Lettuce, &c. 

It should be observed that cultivation tends to convert tubular florets 
into spreading ones, and so to obliterate the yellow disk or eye,^’ as we 
observe in the Dahlia, garden Dais}’^, &c. 

132. Capitula of less marked character are found in other fa- 
milies, where, however, the involucre is wanting ; for example, the 
flowers of Clover (Trifolhtm) have a capitular arrangement, as also 
those of many Proteaccous plants {Banlcsia)\ 

133. The term cyme (fig. 147) is very general in its application ; 



Paniculate cyme of Cemstivm, Scorpioid cyme of JIfyofoii* palwfru. 

for it is used in reference to a number of forms more or less re- 
sembling outwardly the raceme, corymb, and others of the indefinite 
type, but all agreeing in producing a terminal flower on each shoot, 
and continuing the subsequent evolution by hxillary development. 

The loose cymose inflorescence of many Caryophyllacea) illustrates 
the dii/inite mode of mrowth very clearly : the prii^ry axis terminates 
in a flower, then branches arise in tlie axils of a pair of bracts lower down ; 
these branches repent the process, and their branches again, imtil the 
flowering shoot is exhausted. 

134. When the cyme is loose and irregular, no special term is added 
to this distinctive name. But if the axillary branching goes 'on to 
many degrees, and the peduncles acquire such lengths that the outline 
of the whole inflorescence becomts rounded, we have a globose cyme 
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(fig. 149), as in the Snowball {Viburnum Opulus), If the outer 
^ranches spread and grow up so as to produce a flattish or convex 
collection of flowers, as in the Elder and the garden Hydrangea, it 
fe called or corymbose cyme (fig. 151). 


Fig. 149. 



Fipr. 151. 


inn 


iFir iv 



pigs. Diagrams illastraiing the centrifugal development of eymose infloroscenees. 

Fig. 149 a globose, flg. 150 a scorpioid. and fig. 151 a corymfjose cjme. 

In some cases the axillary buds arc only developed on one side of 
the primary axis, and so on with the secondary axes : in this way an 
inflorescence resembling a raceme is produced; but the axillary evolu- 
tion of each new bud gives the structure a circinate or scroll-like 
form during the development, which at once distinguishes this acor- 
^rne. It is very characteristic of the family of the Boragi- 
nacese (figs. 148 & 150). 

135. The is a eymose collection of nearly sessile flowers, 

forming a dense flat-topped bunch, such as we see in the Sweet- 
William and other species oi^Dianthi^, Where a eymose tuft of 
only a few flowers, crowded together in this wsy, occurs in the axil 
of an ordinary leaf, the inflorescence is sometimos called a ghmeruhis, 
as in many of the Labiatce. 

136! In the Fig the peduncle or common receptacle is fleshy and ex- 
cavate^ (fig. 152), the flowers beinginside and developed centrifugally ; 
in Daiitema (fig. 163) the receptade is flat or slightly concave on 
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the top, while in Artocarpm and other cases the flowers are on the 
outside of a convex peduncle. These forms of inflorescence are only 
slight modifications»of the capitulum. The term ccerumihium has*, 
been used to designate them, but is now rarely used. 



Fig. I. *>2. C<.T‘nanthiuin of the Fif;; the flowers inside the excavated fleshy receptacle. 
Fijf. Co'nanthimu <»f Dorttieniai (he flowi'rs imbedded in the fleshy Veoei)t^le. 
F)^. 1. 1 Compound infloresc'cnce of Di^ifaria. 


137. Some jjiarjts, especially herbaceous perennials, have what 
i.s c? Hod a vompotff'ff iiijlorcseence, wher cm the flowering region of the 
stem appears to b( composed of a number of distinct inflorescences 
arranged on a reg^dar plan. The plan of the ramification of the 
main axis may b‘ the same' as that of the individual inflorescences, 
ns in tlic Umbeliilerae, where both the primary and the secondary 
rmbels unfold centripetally ; sometimes the separate inflorescences 
rc arranged in a different form belonging to the same class, as in 
c ensu of the umbellate collection of spikes in certain Grasses 
ynfitnrirt^ fig. 154) &c. 

Ill other cases there is a mixed condition, since in many Com- 
ositm the individinxl capitula are centripetally developed, while 
H^y succeed one another on the main stem in a centrifugal or 
>mose order; in the Labiatm thocymose axillary glomemles (which, 
'occurring opposite to each other, form vertiexUasters or false whorls) 
,re developed from below upwards, the main stem being indefinite, 
lul they are ofUm crowded together above so as to form a kind of 
compound spike. • 

• ‘lo general facts of the morphologv ef the different forms of inflo- 
lUce of each type are easily seen to he conformable to the laws ruling 
the 'V, velopment and ramification of the vegetative stem. Buds are either 
term •'^al or axillary to bracts : sometimes, indeed, the bract^are simpressed; 
but in families where this is almost universally the rule, they Make 
their appearance occasionally in abnormal examples. The occunence of 
a number of buds or fiowershrowde^on one point arises merely from the 
non-development of the intemodeSi as in fiisaculate leaves, ; and the 

s 6 
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remembrance of this at once explains tbe close relation of all the indefi- 
nite forms of the inflorescence. Thus, suppose we take a cttjntulum, and 
.•imagine each of the florets raised on a long peduncle, it would become an 
tmhel ; if the peduncles branched in like manner to the primary stalk, we 
should have a compound umbel. If, instead of branching, the receptacle of 
the cftpitulum grew up into a long straight axis, it would become a spike 
with lateral flowers ; if these acquired stelks, a raceme would result, Irom 
which the corymb only differs in the greater development of the stalks of 
the lower flowers, while a mmificatioh of the pedimcles would give rise to 
a panicle, 

138. In certain cases we have the normal condition of the inflo- 
rescence greatly disguised, m foliaceous peduncles^ and in cases of 
what is called fasciaiion, as also where the flower-stalks arc appa- 
rently removed from their usual place by adhesion of various kinds 
and degrees. 

In many kinds of Cactus, as 
already noticed (§57), the stem 
assumes more or less the outward 
aspect of a leaf; and when a 
flower arises on such a stem, it 
looks like an abnormal growth ; 
but it is really produced from 
the terminal or axillary bud of 
an abortive branch. In the 
Butcher’s-broom {JRusem, fig. 

155) the single peduncles arc 
flut leaf-like plates, and bear the 
flowers in the axils of little 
scales which arise on the upper 
surface, seemingly from the mid- 
rib of a leaf ; but these foliaceous Fig. 156. Foliawoua Oowermg branch of 
pedwncles grow from the axils of Xjfioph^iia, 

scale-like leaves. In XylophyTla (fig. 156) we find a compound 
foliaceous peduncle, consisting of a large leaf-liko branch bearing nu- 
merous flowers on its margins, arising there in the axils of bracts. 

usually ifh abnonnnl condition, consisting of the fusion of 
a number of peduncles into a solid mass, bearing the flowers on the borders. 
It produces the crest-like condition of the flower-stalk of the garden 
Cockscomb ; and if occurs not unfrequently in the ScrophuJaiiacem &c., 
M as to convert a paniculate ipflorescence into a rihanu-like axis with 
iife^larly scattered, short-stalked solitary flowers. 

A^imon of the peduncle to the ie^ or bract produces an appearance as 
if the flower sprang from the latter, as in the case of the Lime-tree. A 
sliiiilar union or, rather, lack of separation between the flower-stalk ajid the 
branch produces the of some species of Solamnu 

Other oases of extxa^illary mflOT^cence, wherein the inflorescence is 
placed opposite to a leaf; as in the case of the Vine, Ikdcamara, 


Fig. 166. 


Fig. 165. 




Fig. 155. Foliaceous peduncles otUuscuti 
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&c.f are explained by the circumstance that the inflorescence is in reality 
terminal (as may readily be seen in the young state), but as ^wth 
goes on it bends downwards into nearly a horizontd position, while tha 
axillary bud next beneath it deyelopes into a shoot which assumes 
vertical direction, thus occupying the position of the inflorescence. Such 
branches are call^ by French botanists usurping branches. • • • 

139. The inflorescence, like the leaf, varies in its duration. The 
staminal catkins of the Amentiferm, such as the Oak, Hazel, Poplar, 
&c., fall off as soon as the pollen is discharged from the stamens, 
and they arc called caclucQm* In many cases the inflorescence, or 
the individual peduncles, separate by a disarticulation when the 
fruit is ripe, as in the Apple, Cherry, &c. ; the term decidvxms is 
then applied. In the ]^sc we observe the dried-up fruit long 
remaining, like the cones of Firs &e., after the seeds have become 
matured ; these are persistent. Sometimes the peduncles undergo 
expansion during the ripening of the seeds, so as to form part of the 
fruit ; such an inflorescence or peduncle is called excrescent The 
Fig, the Pine-apple, and other fruits are formed of excrescent inflow 
rescences; the Cashew-nut (Anacardium) has an excrescent peduncle. 

Sect. 7. The Flowee. 

140. The Flower, the characteristic reproductive apparatus of 
the higher plants, consists of no new elements superadded to the 
fundamental organs of the vegetative regions, but is merely an 
assemblage of these organs modified in certain essential particulars 
so as to fit them for exercising new functions. 

A flower is a modified branch, in which the intemodes of the stdJn 
are seldom developed, wliile the leaves, arranged according to the^, 
general phyllotactic laws, are more or less different in form and 
texture, liave part of their tissues deyclopied into more highly special- 
ized products, and, in part, give origin to buds distinguished both in 
anatomical and physiological characters from those associated with 
vegetative leaves. 

The study of the modifications or, as they are often called, the meta- 
morphoses of the organs of the flower forms one of the most attractive, 
and at the same time most important departmeifts of Morphology, and has 
now advanced far enough to set all general questions at rest ; but in an 
elementary work it is desirable to furnish some of the more striking 
proofs of the doctrine which is enunciated in the preceding para^ph. 

The theory of the consti’uction of th^ flower rests upon proofe derived 
from three sources : the most numerous facts are furnished by ttraiolcgy^ 
or the study of abnormal growths j but the strongest confirmation of the 
views arising out of the observation of such cases is obtained by com/?a- 
rative amtomy or analogy, and by the investigation of progressive efe- 
velopment. 

We may, in the first place, remark upon what is taught by the study 
of development. Flowers are coifbnon in which the organs stand in 
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regular circles, and in which the orgaas of each circle agree in colour, 
size, and so on ; but in many cases we find deviation from this regularity : 
the arrangement of the organs becomes changed, ai?d the parts of parti- 
(fular circles become more or less dilferent among themselves — as, for ex- 
ample, in the flowers of the Pea-tribe, of Labiateo, &c. But when we 
examine the buds of any of these flowers in a very young state, we find 
the rudimentary organs, with very few exceptions, regularly arranged, 
and while in the state of cellular papillae, agreeing exactly in all external 
characters. The subsequent irregularity is a result of special growth at a 
later epoch. In didynamous stamens, for example, the longer pair do not 
exceed the others until a late period of their development. 

The original uniformity and homogeneity of tne organs of flowers 
are not always so completely lost in the maturation of the 8tructiu*ea, that 
the different secondary t^’pes of organs, sepals, petals, &c. become entirely 
distinct. The study of comparative anatomy reveals very many cases of 
transition from one irind of organ to another," illustrating, in a very inter- 
esting manner, the doctrines of morphology. 

In Calycanthus Jloridus the numerous pieces of the floral envelopes pre- 
sent a spiral arrangement, and’ it is impossible to find a distinct line of 
demarcation between the coloured bracts, the calyx, and the corolla. In 
species of Vornm and Euphorbia^ the coloured bracts of the involucre 
assume quite the aspect of a coloured calyx or corolla. In the White 
Water-lily {NyinphsaX a transition between sepals and petals is seen in 
the segments of the calyx, which are green outside and petaloid inter- 
nally, while we have perfectly petaloid sepals in many flowers, as in Aco- 
nites, Ijarkspurs, &c., and particularly in the showy" bulbous Monocoty- 
ledons commonly cultivated, e,y, the "Lily (ZtYeMWj), "Tulip, Crocus, &c. 

In the Water-lilv, again, we obser\'e a gradual transition between petals 
and stamens, the latter appearing first as petaloid plates, with nntlier- 
stfiicture on the edges. In Canna it is the ordinary rule for the stamen 
to be a kind of petal bearing an anther-lobe on one upper ed^. A more 
or less expandea petaloid state of the filament is not unusual, and in the 
Mistletoe the stamens are flat, leafy organs, with the pollen developed in 
the parenchyma of the inner face. 

The stamens and pistils being so diametrically opposed in their physio- 
logical characters, we naturally do not expect to find any transition 
between these organs in normal flowers, though in monstrous develop- 
ments such transitions are frequent. The ovules have been seen bearing 
pollen, and the anthers ovules. 

The study of Teratology, the interpretation of monstrous growths by 
reference to laws of development more or less interfered with by external 
agency, is very instructive in regard to Morphology. In the abnormal 
products of nature qjr, still more, of art we find illustrations of almost 
every possible kind of the general proposition above mentioned. 

In tne first place, cases have Ifeen not unfrequently observed where the 
entire flower has b^n replaced by a fascicle of j^een loaves, especially in 
the Alpine Strawber^, In wet seasons it is not uncommon to find 
flowed of the White Clover with more or less of the organs modified in 
this way, the pistil, one or more of the stamens, &c. appearing in the 
form of green leaves, occasionallv compound and temate, as on the stem 
below. In the Double Cherry ot gardens, the place of the pistil is o^n 
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occupied by a pair of green leaves ; in tbe Fraxinella a circle of green 
leaves has been observed in the place of the ovary. 

Metamorphoses wkhin the limits of proper floral organs are still mor^, 
common. Thus, almost all polypetalous flowers, and many monopetalous, 
are capable of being doubled ” by cultivation, that is to say, thepumber 
of petals may be increased at the expense of the stamens, or of th^e and 
the pistils. For example, the Wild Kose has but five petals, and many 
stamens and pistils, but in our garden Eoses the numerous stamens and 
pistils are often altogjBther replaced by petals. In many cases inter- 
mediatelv formed structures exist in such double flowers : in the double 
early Tulip, for example, we almost always find monstrous organs, half- 
petal and half-stamen, and even half-stamen and half-carpel ; the same 
may be obsen^ed in double Pinks and Carnations. Elustrations obtained 
in this way might be multiplied ad injinitum. It should be observed, how- 
ever, that in double flowers we frequently find not only all the essential 
organs replaced by petals, but an actual multiplication of the natural 
number of organs, as in Eoses, Camellias, double ilafibdils, &c. 

In the last place, we may advert to the phenomena of the abnormal evo- 
lution of buds within the limits of flowers. Cultivated Eoses sometimes 
send out a leafy shoot from the centre (prolification), the terminal bud 
not becoming arrested as is natural ; on Apples and Pears we occasionally 
see one or two leaves growing out from the summit, from the same cause. 
In addition to this, the organs of the flower may assert their foliar nature, 
bv producing flower-buds in tbeir axUs^ like stem-leaves. This has been 
observed in the case of the petals of CeJastrm scandens, and also of 
Clarkia vUtjamj and occurs sometimes in garden 
Eoses*. 

These general observ^ations will serve to show 
the essential homologv" of all the lateral organs 
of flowering plants with ordiniiry leaves, and 
more especially with the vaginal or leaf-scale 
portion of the leaves. The laws under which 
tlie varieties of form &c. are produced within 
the limits of the flower all cooperate to substan- 
tiate the same general principles. 

141. The organs of flowers have been 
enumerated in a former Section (§§21-25): — 

1, the sepahy forming the cahfx ; 2, Winpeiah, 
forming the corolla ; 3, the atamens, forming 
the androecium ; and, 4, the carpehi, forming 
the pistih or gyncechim. That portion of the 
peduncle upon which all these organs are 
attached is called the receptacle or thaiamtis ; . 
it seldom has the intemodes much developed, 
but is more or less expanded horizontally, i^tedbymternodes. 
When it forms a flattened surface above, its centre* corresponds, of 

* A general review of these abnormal or unusual formations, and of tbe 
inferences that may be derived from t|wm, is given in Dr, Ma8ter8*8 ‘ Vegetable 
Teratology,* published by the Ray Society. 
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course, to the apex ; and we may thus say that the above-named orjxans 
i^ucceed each other from without inwards, or from below upwards. 

*• The acconipanving diagram of the floral whorls (fi^. 157) illustrates the 
theoretical construction of a perfect and symmetrical flower. Here the 
internodes are imagined to be developed between the separate circles of 
the flower — an arrangement which does occasionally occur in nature. 

142. All axillary flowers arise in the angle between a bract or 
leaf and the stem ; from this* is taken the rule as to relative x)osition 
of organs, in describing flowers. The side of the flower next the 
stem is the u pper or p n«t^jinr port that next the bract the anterior 
or lower ; and in the ground-plans often used to represent the con- 
struction of flowers, it is important to mark the places of the axis and 
the bract, the former being represented behind, the latter in fix)nt. 

In the rare cases where flowers are truly terminal, there is no proper 
back and frtmt ; but in plans of these, the position of the last leaf or bract 
should be shown. Wnen bracts are suppressed, as in the Oiicifera?, we 
of coiurse And the back of the flower by the position of the organs in 
reference to the parent stem. 

143. Since the organs of flowers are modified leaves, we naturally 
seek for laws of arrangement corresponding to the phyllotaxy of 
stem-leaves ; and we find that the so-called whorls of organs, especi- 
ally of the calyx and corolla, are often really spiral cycles of organs 
developed successively on the ^ or 1 plan, but reduced into ap- 
parent whorls by the absence of internodes. 

This is distinctly the case in such a calyx as that of the Hose, where 
the sepals are imbricated and stand quite on the | plan (figs. 158-100), 


Fig. 158. 



Fig. 150. 



Fig. 1S8. Calyx of the Rose ; the numbers indicate the sequence of the sepals from without 
inwards or from below mjwards. 

Fig. Section ox the aMtiration of the calyf of the Bose ; the numbers as In the preeediog 

Sgure. 
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In the ternary floral envelopes of many Monocotyledons we find illustra- 
tions of the i type. Sometimes the spiral arrangement is still more evident, 
especially where thenR exist great numbers of a particular kind of organ, aS. 
in the mixed petals and stamens of NympJKsa, and the multiple pistils oi 
Banunculu/L magnolia j &c. In Calycanthm all the organs fo}lov on in 
a continuous spiral. * 

In other cases the floral organs are developed simultaneously, when a 
true whorl is produced. 

144. According to the number of orgiius in a cycle or app^irent 
whorl, these are distinguished as dimerous or binary, tAmerom or 
ternary (fig. ICl), tetramerous or qxmtemuiry, and pmtamerous or 


Fig. IGO. 

4 


Fig. 161. 



Fijf. lt>0. Diagram of the ^ airangr-mpnt of leaves, for comparison with fig. 159. 
Fig. ItU. Diagram or ground-plan of the S-merous flower of the Tulip. 


(jiiinary (fig. 162). The ternary arrangement is by far the most 
common in the Monocotyledons, the quinary in tha Dicotyledons., 


Most frequently the calyx and corolla have 
an e(j[ual number of parts; the number of 
organs is prone to increase in the staminal 
circles, and still more frequently to diminish 
in the carpellary whorl. 

145. In the majority of cases we find 
the organs of each successive whorl deve- 
loped alternately with, and not opposite 
to, those of the preceding circle. 

From this the whorls would appear to re- 
semble the decussating whorls ( § ml) of tiue 
leaves, rather than regularly succeeding spiral 
cycles. We have seen that these decussating 
whorls are closely related to the spiral chicles j 
hut the relations are not clearlv made out. 


Fig. 162. 



Difigr&m or ground-plan of the 
fl-mcrous flower of Crassula. 


Moreover we find in the 


very numerous cases of flowers with the organs imbricated in the bud, 
that the spiral arrangement is very evident, and the’whorled appear- 
ance presents itself omy after the expansion of the flower. Now, u the 
i or f cycles succeeded regularly, the organs of successive cycles should 
be opposite and not alternate. A. J ussieu has supposed that the organs 
are arrauged on the spiral type in all trimerous and pentamerous 
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flowers with imbricated aestivation. Inspection of the diagi*ams ifl a former 
page (43) will show with how little displacement the organs of such flowers 
^ay be arranged on this typej and there is much /probability that the 
alternation of spirally arranged cycles results from some such cause, 
while the alternation of organs in flowers with valvate aestivation is re- 
ferable*' to the same laws as the decussation of whorls of leaves. The ex- 
ceptional cases of opposition of organs will be explained presently, 

146. The typical flower in our diagram consists of four circles of 
organs equal in number of parts, and with the parts regularly alter- 
nating. A flower thus presenting all the whorls is called complete ; 
the organs in each circle being similar, it is regular ; and the number 
of organs in each circle being the same, it is moreover symmetrical, 

147. Almost every kind of deviation and combination of deviations 
from this type are met with ; but the modifications are referable to 
distinct causes, which admit of classification under a few general heads. 
1, Alteration of the number of circles, or of the number of organs 
in the circles ; this may arise either from multiplication^ or from sup^ 
pression or abortion of parts. 2. Union of the organs together ; this 
may be merely coalescence of the margins of organs of the same 
whorls (cohesion), or confluence of normally distinct whorls (adhesion), 
3, Unequal development or degree of adhesion in the organs of parti- 
cular whorls, producing irrcgula ri ty, 4. Irregular development eit her 
of the receptacle, or production of out-growths from various organs by 
enation, 5. Substitution of one organ by another (metamoridiosis). 

Dr. A. Gray has furnished an interesting illustration of these laws of 
modification, from a family (Crassulace®) in which diflerent kinds of 
deviation occur together with examples of very symmetrical flowers. In 
Crasmla (fig. 102) is found a simple symmetrical pentamerous flower, with 
five sepals, five petals, five stamens, and five pistils, all regularly alternating, 
and only slightly confluent at the base. In Tillcea some species have four, 
some only three organs in each whorl, but the flowers are still regular and 
symmetrical. In ^um (Stone-crops, &c.) the flowers of some species 
are pentamerous, those of others tetrameroiis, but here the number of sta- 
mens is doubled by the introduction of an entirely new circle of these organs 
(mtdtifdicatim). Mochea has the margins of its petals slightly coherent, 
while in Grammanthes the petals and senals are respectively cohermi 
more than halfway up. Votykdon has coherent envelopes, anS a double 
series (muUiplicatim) of stamens as in Sedum, to which is added an ad^ 
herence of the stamens to the tube of the corolla. In Penthorum the five 
styles are coherent fifmly together below, while in some cases its petals 
are mppressed. In Semnervivum (Jlouseleek) the number of senals, petals, 
and pistUs varies in dinerent speeies from six t(> twenty, and tne stamens 
frem twelve to forty. 

148. Mfdtipllcation of the number of circles is Very common, espe- 
cially as the stamens. In the^rimerous flowers of Liliacem and 

AmaiylHd^eae there are six stamei\p standing in two circles of three. 
In tiie Poppy family the tetramerous circles are still more multiplied ; 
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and in th« Rose, Buttercup, &c. we have further examples. When 
the number exceeds three or four circles of one kind of organ, the 
organs are said toibe indefinite in number, and the verticillate* 
arrangement becomes very indistinct in the opened flower. In the 
White Water-lily we have multiplication both of petaline^ and 
staminal circles ; and in Magnolia^ Bjanunculus, &c. the pistils are 
much multiplied, exhibiting in these a distinctly spiral arrange- 
ment. 

Multiplication of circles occurs abnormally in the double flowers of 
gardens, in which we often find far more organs than exist in the normal 
state, as in Daffodils and other fiowers where the organs are naturally few 
in number. 

149, Multiplication of the organs in particular whprls occurs in a 
number of flowers, and is explained differently by different authors. 
Sometimes the multiplication is collateral^ a pair of stamens, for 
example, standing in place of one ; in other cases the organ is divided 
transversely into an inner and outer part or into a fasciculus of 
organs. The real cases of collateral multiplication may probably be 
explained by the circumstance that the staminal leaf, in these cases, 
as in an ordinary lobed or compound stem-leaf, becomes subdivided 
and thus forms a lohcd or compound etamen. The multiplication 
where organs stand one within the other, or in tufts, may perhaps 
be referred to developments in the axil of the floral leaves or to 
enation, when they are not better interpreted by supposing suppres- 
sion of whorls, with collateral chorisi^ of those retained. 

The doctrine of chorwis or d^douhhment, in which organs are suppose 
to split into layers, seems to rest on very insecure foundations. Some 
regard the pairs of long stamens in the tetramerous flowers of Crucifera 
(often represented by forked filaments with double 
anthers in some species of ISfreiytanthus) as formed of 
a hi lobed leaf j but the s^anmetrv is generally better 
explained by supposing the glands to represent sup- 
pressed stamens of three whorls (fig. i63) ; for a 
Crucifer {Megacarp<ca polyandra^ Benth.) has poly- 
androus stamens. The singular stamens of Fumaria 
and allied species are supposed by some to be ^ex- 
amples of chjprim\ by others, and probably more 
truly, results of irregular confiuence. Perhaps the ^ 

best evidence is furnished by the numerous dimidiate of a Croeiferoui 

anthers of the Malvaceo), the tufts of Ilypericace© nu^r\*ha*ieaT*^fonn 
and Myrtaceas ; but these are rather due* to a pro- the \on^ mirs ; in the 
gressive outgrowth or exul^erent development, ricwLid >o«r!^orsta^ 
whereby an originally simple organ becomes com- monMdott«l)”re re- 
pound, than to any splitting of a perfect organ. piaSped bj gUnd^. 

The transverse chonm nas been im^ned to bear relation to the produc- 
tion of scale-like or petaloid appenSges on the face of petals, &c., as in 
Silene &c. ; but suen structures ca* hardly have any concern in the 


Fig. 103. 
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multiplicatioH of organs, since we find that in double Dafioj^lS; con- 
taining ^ty or sixty petals, every one of these possesses its process, I’e- 
presenting a segment of the nectary found in the throat of this flower, 
‘ffhe transformation of such a scale is supposed to gfve birth to the o/>/>o- 
sits stamens of Rlmmnacea?, the opposite groups of stamens in Tiliacea?, 
&c. But opposite solitary stamens, such as those of Khamnaceie and 
Prunulaceaj, probably arise from the suppression of an outer staminal 
circle. MoitK)^er such, scales are usually mere outgrowths proiluced by 
e»atimt from tliA^ietals at a coinparativeh' late stage of their development. 

150. In describing the phenomena of diminution of the number 
of circles or organs of flowers, it is convenient to distinguish between 
$tq)pr€^ion or total absence, and abortion or partial absence, when 
the organs are represented by imperfect or rudimentary structures. 

A complete flower possesses a calyx and a coi*olla ; the corolla, and 
even the calyx llso, are w’anting in some flowers, which are tenned 
incomplete ; when the corolla alone is wanting, the flower is ((petu/ovs ; 
the term naked is occasionally applied to flowers 'without any floral 
envelopes. 

The terms dichlamudeou ss having cal\Tc and corolla, nwnjHddamydeouSf 
having calyx alone, and a^bla mydeous. destitute of floral envelopes, are 
used by some systematic botanists in place of the above. These conditions 
are not very secure bases for systemaflfe divisions, since it is not uncommon 
to find apetalous plants in Oitiers having ordinarily complete tlowers, as 
in the CaiyophyUaceaB (Saffina kc.); the apetalous condition, however, 
is constant in a large number of orders ; and familiar examples occur 
in the Nettle family, the Chenopodiacece, the Amaranths, &c. Achlamy- 
deous flowers occur in the Willows, Callitnchey kc. as a rule, while they 
also occur, in exceptional cases, even sometimes on the same plant with 
complete flowers, as in Viola and Impatiens, 

151. When essential organs (stamens and pistils) of both kinds 
are present, the flower is called ^xwaphroditc (this condition is 
indicated by the sign ^ ). In many plants one of the circles of es- 
sential organs is suppressed, so that a given flower has only stamens 
or only pistils; such flowers are termed uniksfi^ml or dklinovs. 
The idinous flowers are called respectively staminiferom or male 
( cf ), ani pistiUiferous or female ( J ). When flowers of both kinds 
occur on the same plant, this is called immciom (Oak, Birch, Vege- 
table Marrow, &c.) ; when they are on distinct individuals, the plant 
is tenned dioecious (Hop, Willow, Bryony, Ac.) ; when, as in some 
cases, the imperfeotion results from a kind of regular abortion rather 
tlian total suppression, and th^ same plant or spec ies exhibits at once 
Staminate, pistillate, and hermaphrodite flowers, it is termed pofy- 
gamwi {Parietaria^ many Palms, and*Maples, ^c.). Some plants 
\mTnevier flowers, destitute of both stamens and pistils; such is 
the ^ise naturally with the outer florets of many Comilbsitie, and it 
is constantly seen in the garden lowball ( Viburnum Optdus) and 
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The diclinous condition is often typical in certain families, such as 
Amentiferte, &c. ; but cases occur not infrequently in exceptional genera 
of ordinary hermaphr^te families, as Biiacus among the Liliaceae ; or in . 
exceptional species (by abortion), as in Lychnis dioica ; sometimes it oc- • 
curs by abortion in species normally possessed of perfect flowers, as in 
Asparayns, • , 

152. The suppression of an entire circle necessarily renders a 
flower apparently unsymmetrical ; for when the corolla is absent, we 
find the stamens commonly o^tposite the ficgments of .the preceding 
circle, as in Ohenopodium ; but this is really in accordance with the 
normal typo, as the stamens should be opposite the sepals, the inter- 
mediate petfils (here suppressed) alternating with both. Not unfre- 
quently we find abortive organs, such as Hterile filaments or “ glands,” 
of various kinds forming circles \vhich restore the symmetry of ap- 
parently unsymmetrical flowers. 

Tlie cases of imsvmnu?tricfll conditions arising from the opposition of the 
organs of succeedfng whorls are explained by some authors entirely by 
the doctrine of suppression or abortion ; others refer some of these cases 
to chonsis (§ 149). In (ienamnn we find alternating with the petals five 
little glands which must be regarded os abortive stamens, since in the 
succeeding whorl the five stamens a^M-nate with these and stand opposite 
the petals ; the five innermost and longer stamens, again, are opposite the 
glands. In Eroditnn the outermost row’ is ivpresented by glands, the 
si^cond row by sterile filaments, and only five perfect stamens exist. 
Much the same conditions occur in the Liiiacese. On the ground of such 
fmjts as these, the (jpposition of the stamens to the petals in Hhamn^eee, 
Byttneriaceie, the Vine. i^c. has generally been explained by .supposing 
a circ le of stamens to nave been suppressed btitw’^een the petals and tlva 
existing stamens. Several rt*eent %vnt€rd attribute the stamens of Kham- 
nacem to chori^is of the petals with suppression of the true stamens, 
extending the same explanation to Byttneriaceffi ^d the Vine, where 
the true stamens are represented by sterile rudiments or glands the 

existing stamens. In lMmulacea>% the opposition of the stamens to the 
petals IS obviously a^ result of suppression ; for in Samotus w^e find five 
lobes on the throat of the corolla altematii^ with the petals, while 
Lymnachia ciliata has five sterile filaments in addition to five perfect 
stamens. Some of these cases of altered symmetry are due to enation. 

153. Suppression or abortion of part of thq organs of one or more 
circles is a very common cause of want of symmetp*. This occurs 
by far most frequently in the carpellary circles, as might be expected 
from the organs being crowded on the point of the^ receptacle (multi- 
plication' of carpels occurring, on the otier hand, where the receptacle 
is unusnally developed) ; the stamens exhibit it not unfrequently ; 
and it is ol^rvcKi also in the petaHne whorl, and even in the calyx. 

Symmetri^ flowers may be either dimerous, trimerous, tetramarous, 
or nentainefous throughout ; and |^hen the organs are equal in all the 
circles, the flowers are isomrrous : wo have isomerous dimerous flowers 
in drcita (fig. 1(14} and (fig*165), isomerous pentamerous flowers 
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in Crassula (fig. 1G2), before referred to ; but, generally speaking, one or 
other of the whorls exhibits partial suppression. 

. It is rare to find the sepals partially suppressed : perhaps we may consider 
•this to be the case as regards the Hjub of the sepals in such instances as the 
pappus of Bidem, The corolla exhibits partial suppression in some Legu- 
minosse, where, although the plan of the flowers of the order is penta- 

Fig. 104. Fig. 106. Fig. 166. 


Fig. 164. Groand'plan of the 2-inerou8 flow<»r of Circaa: # ropresenta the b»ct. 

Fig. 165. Gfotind'plftn of the Lilac, with 2>merous circlea: j*, the bract; a, a. bracteoleg. 

Fig. 166. Ground'plan of a labiate flower, with didynamooa stamens ; the posterior one 
(dotted) suppressed. 

merous, in AmorpAa only one petal exists; a transition towards this 
occurs in other genera of the oraer. where, indeed, the four petals here 
suppressed are generally conaiderablv smaller. In .the Larhspurs one 
petal is constantly suppressed, while the others are of irre^lar form ; and 
m Aconite three out of the flve petals are inconstant in their occiurence, 
being, even when present, mere petaloid scales. 

The stamens are mostly isomerous, with either one, two, or more whorls, 
when the floral envelops are regular, although there are well-kno^m 
exceptions to this. The supression or partial abortion of some of the 
s^uuens is most common where the flowers are irregular. This sup- 
pression is well seen in the irregular monopetalous Orders, where we And 
curiously graduated illustrations of the phenomenon. Thus, in the 8cro- 
phulariacese, helon^g to the pentamerous type, there art? usually but four 
stamens, hut Verbascufn has the fifth (not always fertile) ; Pentdemm has 
four perfect stamems and a sterile filament ; and in Senphularia the fifth is 
represented by a scale in the upperside of the corolla. In Veronica thit e 
are suppressed, and only two remain. In the Labiatm (tig. Again, 
one stamen is ordinarily suppressed ; not unfttjquently two of thefw^ appear 
as sterile filaments ; and in Salvia, Momrda, and other genera only two 
stamens exist. 

Either midtiplication or mppremon is almost the nile in the carpellary 
circle, the Lsomerous condition being rather the exception. Six carpels, 
or a double circle, occur in the 6-merous flowers of Trighchin (fig. 167) ; 
and we have mentioned the occurrence of five carpels in the pchtanierous 
flowers of Cramda and Sedktm (J 147) ; in the nearly allied Saxifragaceae 
the carpels are usuall;jr reducea to two. In Araliact^fio, Andia has five 
Is, different species of Panax three and two, while in the allied 
Vxnbelliferm the number 2 is universal in the carpellary circle, 
although all the other circles remain pentamerous. In Kosace® we l^ve 
almost every conceivable condition ; for while multiplication takes place 
to a extent in Bosa, Fragaria, and allied genera, the normal five 
caipeb occur in ^nraa and the Pofbaceous submer,* in Agrimoma the 






THE ELOWEB. 


number h reduced to two ; Sangumrha has two or one ; while in the Dm* 
paceous suborderi in Prunm only one carpel regularly exists, a condi* 
tiou which, is the rule throughout the related exten^ve pentamerous order. 
Leguniinosss. In li&unculacea) the num^r of carpels Tories much* In< 
Beiberideto the outer circles are 2-merous and tne carpel is solitary 
(fig. 1^). Suppression of a portion of the carpels is almost constantly 
lound in the monopetalous Orders, where we seldom hare more than two. 

Fig. 107. Fig. 168. 





Fig. ltJ7. 3-m<‘rou8 flower of Triglochin fnariHmum^ with wx c&rpeU; 4 r represents the bnct. 
Fig. 1<W. Oround-plnn of Kpimedium, with 2-iuerotts circlet snd a solitary carpel; a. a are the 
bracteolcs of the 

Suppression of organs becomes exceedingly etriking wlien associated 
with suppression of entire whorls. Thus, in Callitrme the floral enve* 
lopi‘8 are wanting, and while the pistil indicates the tetramerous type, 
tbre«? stamens are suppressed, so that the perfect flowers consist of one 
stamen and one pistil, and the imperfect flow’ers often met with are con- 
posed respectively of a stamen and a pistil The latter condition occurs 
also in the p^atly reduced flowers of our native specie^ of Eu^fhorbia, in 
which the involucre encloses one naked female flower, consisting simply 
of a pistil, and a number of naked male floweni redact to the condition 
of a single stamen. . ^ 

A curious kind of regular suppression, not interfering with symmetry, 
i.4 sometimes met with, where the typical pentamerous condition is re- 
placiKi by the tetramerous, either in fioVers of the same plant or on diflerent 
individuals of the same species. Thus, in Rida, in some species of 
and some Aimnerc the flowers have the organs sometimes in circles of 
fives and sometimes in circles of fours, without any other accompanying 
deviations from the character of the species. 

154. Union of the organs of the flower consists either in coheswn 
of the parts of a whorl with their fellows, or in adhmon of or^ms of 
one whorl to those of another. Both occur in almost every possible 
degree. It must be home in mind that thcle terms are often ap- 
plied to cases wherein there has really lieen no unicya of previoudy 
disunited organs, but a want of separatiou betwe^ parts which in 
other cases are ^joined. 

155. Cohesion occurs in the calyx, 'producing what is called a 
immsepalotts (or gamoscpaloafl) calyx ; also in the corolla rather 
less frequently, forming a mmopetalmie (or gamopetalous) corolla* 
With these t^rms are contrasted polysef^dms and ^dypetahw (or 
dialysop-pctalous), used to indicate that the sepals and petals are 
dUtiiict, L c. not o^erent* a 
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In the Vine the petals cohere above, while they are distinct below, 
and the flower opens by the separation of the corolla from the re- 
* ceptacle ; the sepals of EscJischoltzia are entirely coherent, and fall 
off like a cap. 

Union is less common among the stamens; but in some Orders they 
are coherent by their dlaments into one piece ( monadelplto u $ ) , in 
others into two or more parcels.# Other plants have the anthers 
coherent (symfeneslomX while the filaments are free ; and in some 
diclinous tioweS the stamens are united into a kind of column. 

The carpels exhibit every degree of confluence, from a slight co- 
herence at the base to a firm union by their sides, complete conflu- 
ence of the ovary with the styles free, confluence of ovaries and 
styles in part or entirely with free stigmas, and complete confluence 
of ovary, styles, and stigmas. In Asclepiadaccm we have confluence 
of the styles, while the ovarian portions of the carpels are only 
slightly coherent. 

The details regarding coherence will be treated of more conveniently 
in the chapters on the separate organs. 

lofl. Adhesion may exist between the inner and outer circles of 
the floral ^velopes, between petals and stamens, and between sta- 
mens and pistils, also between calyx, corolla, and stamens with 
pistil free ; or the cal 3 rx, corolla, and stamens may all adhere to the 
pistil. No case, is known of adhesion of the tliree inner circles with 
a free calyx. 

What is commonly tem^ adhenon is more strictly want of separation 
between parts which onffliarily become detached one from the other 
during growth. 

/ 157. The point of emergence of an organ is in appropriately called its 

insertion ; and when an organ is not adherent to any other circle, but 


Fig. 170. 



Fig. ISd. H 7 i^) 0 gjnomr of Sanun^u*, in soetioa. 

Fig. 170. Fengynoos flower of Prumut, in ih'cstioD. 


emergBB directly from the yeceptaclo, it is said to be free. When the 
outer organs are thus inserted on the receptacle, th^ are called 
ffprieuf (fig. 169 ), signifying below the pistil ; if the stamens ap^ar 
to adhere to the free tnbe of the calyx or corolla, they are said to be 
perigtpf^ (fig. 170 ) ; while if the tube of the o^x or receptacle is 
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carried \ip and adherent to the sides of the pistil, the stamens be- 
come apparently Inserted on the top of the ovary, and are then called 
ep ijjunotis ( fig. 171^ • 

Some other terms are used in reference to the insertion of the* 
petals and stamens : thus, tlmlamijloral^ or inserted on the r^ptacle, 
is synonymoiis witli hyi)ogynou8 (tig. 169) ; calyciJloraU indiiating 
insertion into the throat of the oftlyx, may agree with either the pe- 
rigynous (fig. 17i^) or epigynous (fig. 171) conditions ; while corolli-^ 
floral f inserted on the tube of the corofla, is a form of the perigy- 
nous insertion. 

158. The terms inferior and superior are occasionally applied to 
the calyx, according as it is free (fig. 160) or adherent (fig. 171) to 
the ovary all the way up ; occasionally it is half-superior {Saxu 
fratja, fig. 172). The same tenns are also applied to the ovary in 
the reversed sense to indicate the same conditions : i. e. when the 
calyx is inferior, the free ovary is suiierior, and vice versa. 

The terms j>eri)/yftomt &c., and calyrifloralj &c. are in constant use 
and v^rv conwniVut, but they may convey false notions as to actual 
atnicturt\ In the perigyuous flowers of Ilosacea;, for example, such as 
tlioso of Frayaruij Oeumj &c., the stamens appear really to rise from a 
discoid expansi(m of the receptacle, forming the siipposed throat of the 
calyx, and in RoyUi, l^jrm (fig. 17**1), and (»ther simitar fi>rms the carpels 
art* r(?aUy enclosed in an excavated receptiude or receptacular tube, from 
the upper edge of which sepals, petals, and stamens arise. 



Fijf. III. KtHgyiioan flomT of «u Uiulx^infer, in section. 

173. FlowerofSuTirnigiMn Aion^withiHHurtiallr ndherent calyx nndhnlf-suw'rioroTMT. 
1 4 (1. F Ion er of Pyri<#. in teetion. 


The adherence of stamens to pistils piroduces what is called tlio 
condition, so remarkable a character of tho Orchidheem 
and Asclepiadacea?. 

160 . Irregularity of flowers arising firom unequal size, ditferenfc 
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jferm, or unequal tmion of the organs of whorls is extremely common. 
Different form and size produce irregularity in the floral envelopes 
» and stamens of many plants whore these are free ; and this is often 
^ associated with irre^arity arising from suppression. The irregular 
union occurs alone, or is superadded to all the rest when the organs 
are coherent ; this condition is oftenost found in the floral envelopes, 
in the stamens less frequently, an<l in the pistils perhaps not at all. 

Irregular polypetalous flowers illustrating this point present themselves 
in Papilionaceous plants, in I\imarlaceae, Violaceie, &c. ; irregular poly- 
sepalous calyces occur in Acottilum, Delphimunt^ &c. Stamens are gene- 
rally alike in the same circle ; but in didynamom stamens (two long and 
two short) there is an exception to this. Irregular monosepalous cmyces 
and irregular monopetalous corollas are met with in endless variety of 
forms, in the majority of which there is a tendency of the component 
organs of a whorl to associate together in two groups, front and back, so 
as to produce a bilabiate condition, as in the corollas of most LubiaUe and 
Scropnulariaceaj. Unequal degree of union of stamens produces the 
diadelphom condition of many Leguminoste, and the still more irregular 
polvadelphous condition in the Orange. These points will be further 
ex^mned in the next Sections. 

It may be repeated liere, that the deviations from irregularity falling 
under this heaa almost univei-sallv arise during the developmenl of the 
bud from its originally regular rudiments. 

160. Most flowers have only very short or contracted intemodes 
developed between the whorls; that is to say, the receptacle (§ 141) 
is usually not lengthened. Exceptions occur to this, however ; for 
in the Caper tribe we have long intemodes between calyx, corolla, 
stamens, and pistil, producing a very curious appearance. lu 


Fig. 175. 



^ iateniode between the calri and oarolU. 

iS* Hi the JoweT of the Rom ; the putOe tented on nn eMnUed reeeiitnde 
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DianthuB Silme (fig. 174) there is a short intemode between 
the calyx and corolla, in Gentiana between the stamens and 
the pistil. In the Koso* (fig. 175) the receptacle is expanded 
into a cup, from the inner walls of which the carpels arise ; and in 
Nelumhmra the carpels are immersed in a large fleshy receptacle. In 
many cases what is termed calyx^tabe is in reality a tubulaiv pro- 
longation of the receptacle, from Ihe edge of which the calyx, petals, 
and stamens aiise. In the Paeony the receptaefe is raised up into a 
kind of cup or disk ” round the carjfSels, in P. Moutan enclosing 
them all but the stigmas: the apparently inferior position of the 
ovary of rictona depends on the discoid development of the receptacle 
where the outer floral circles are inserted. A ring of similar nature, 
free from the ovary, occurs in Alcfunulki, Another condition exists 
in the Mignonette (Ji^seda)^ where the cup-liko or annular develop- 
ment of tlic receptacle is inside the floral envelopes, and forms a 
support to the stamens surrounding the ovary. This form of the 
“ disk,” which occurs aho in Ac€r (fig. 176), must not be confounded 
with those depending on the presence of perfect or imperfect whorls 
of abortive floral organs (§ 195). The epigynous disk of Umbelli- 
feraj (fig. 171) and allied orders is probably a development of the 
reeei)taele, since the so-called adherent tube of the calyx is perhaps 
an excavated receptiicle (§ 171). In CVmw, and to a greater or less 
extent in other Onagraceae, the epigynous process supporting the 
floral envelopes and stamens is prolonged into a tube above the 
inferior ovary, surrounding the long free style. Where oigans arc 
iTiultiplied, we often find the receptacle lengtlicned into a conical pr 
clavate body, to give room for the insertion, as with the pistils of 
lianuncidns (fig. 169), Magnolwy Fratjaria, ifec. ; and this expansion 
extends dovrn to the region of attachment of the stamens in Ranun- 
Magnolia^ and Nymplumy where it is sometimes thickened, 
and is called a fonw or tfudamus. In Geraniacece the receptacle is 
prolonged into a column in the centre of the confluent styles; and 
the same occurs to less extent in Eiphorhia. 

161. When a circle of organs is removed from its predecessor by 

a sbdk-like intemode, it is called The column supporting 

the carpels of Geranium, or those of Umbcllifene, is termed a coi^- 
phore; the stalk of the ovary of Genttam is a ggno phore ; a stalk 
abo^ the corolla, supporting both stamens and pistils, is a jn/iiaa- 
drojfhore. Considerable influence is exerted in many cases ty the 
ohhquitg of the receptaefe, as in Loguidiuosce, Aconitum, Dtfphiniwn^ 
and many other irregular flowers. 

162. The modifications arising from enation have been already 
alluded to (§ 149), while those dependent on the substitution of one' 
organ for another, as in many double flowers where the stamens are 
replaced by petals, demand only passing notice. 
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Sect. 8. The Floral Envelopes. 


, 163. The floral envelopes of a typical flower (§ 21) consist of two 
tirdes of organs, forming the calyx and corolla. There is no funda- 
mental difference between septds and petals (the organs which com- 
pose these circles) ; and the only general definition that can be given 
is, that the outer circle (or, if only one circle exists, that circle) is 
the calyx ; the coroBa consists of the second circle (or sometimes of 
additional circles) of foliar organs intervening between the calyx 
and the stamens. . 


164. The above defluition of the 
calyx is Uablc to exception in rare 
cases ;^for in the Malvacem, the Bip- 
sacem, and some Rosacem the true 
calyx is double, thut is, a circle of 
smaller organs, resembling sepals, or 
a tabular cup, stands outside the pro- 
per calyx, forming what is called an 
epicalyx (fig. 177). The ambiguity 
in these cases is removed by the ex- 
istence of a well-developed coloured 
corolla inside the calyx. 


Fig. 177. 


A. B. 



Fig. with epifftlyx. 

A. mUtcH* ( Afaivai'eie). 

B. (Bo«aee»). 


The epicalyx of Malvacete, like that of Dipsacem, is perhaps to ha re- 
garded as an involpcre of bracts. That of PoU ntilh (fig. 177, b) and allied 
genera is sometimes supposed to represtmt confluent lateral lobes or sti- 
pular appendages of the sepals. 


• 165. A difficulty arises in the exact description of the floral en- 
velopes, from the use of the terms perianth and ptrigme^ which are 
applied in a manner that involves confusion, since : — 1, these wonls 
signify the calyx and corolla taken together w hen tho sepals and 
petals are all petaloid, as in the Lily, Tulip, ic., and when they are 
all green and sepaloid, as in the Dock &c . ; and, 2, the words arc 
commonly applied to the calyx in the Orders w^here it rcgidarly exists 
alone, either in a sepaloid or petaloid condition, as in Daphm and 
the Monochlamydeous orders generally. 


The tenns perianth afld which we take as synonymous, are 

convenient as applying to instances where the distinctions* ordinarily 
traceable between calyx and corolla are not apparent. 

166. The arrangement of the floral envelopes in the hud, tho 
G^imtio n or prasJLrat^^ is a subject of great importance? in syste- 
mSo bdlSayTOT'aBoi^ very regular characters in the majority of 
the natural orders. 


Tto plans of aesti vation given in illustrative works are taken from hori- 
aontal aeetioiid of the hud just before it opens; and in cases where the 
o<mab or petab are coherent below, section is supposed to pass f^ugh 
the free lobes of the limb. 
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167. The CBstivation of flower-buds agrees essentially with the 
veniatiou of leaf-buds (§§ 1 12, 1 13), esiKJcially as regards the folding 
of the indhidual oi^ans ; the sepals and petals may he redmate^ con\ 
duplicate^ pUmtey convolutef involute (a still further rolling-in ren- 
dering this induplkate)^ revolute (in excess becoming r^updifate) ; 
and an additional ease is found in Poppies and some other flowers, 
where the petals are irregularly crumpled-up, or corrugctte, 

16B. Collectively, the arrangement of the organs is either irtdtri- 
catty contortedy or valvatCy each of which forms, however, has its 
modiiieations. The imbricate is a natural result of the spiral suc- 
cession of organs, and with the ? plan we commonly find what is 
called the quincuncial oestivation (fig. 150). A deviation from the 
regular spiral order is found in the imbricated Imds of Papiliofeceous 
and some other flowers, where the second petal has its margin inside 
instead of outside the fourth (fig. 17B, a); this is called the veadl^ 
lary aestivation, since it occurs especially in Papilionaceous corollas, 
where the large outer petal is called the vtxillum, 

Vig. 178. 

A. B. C. IX 



Fijf. liS. JB«tiTation of corollmt. * 

A. Vexillary »sti ration of the corolla of a Pajnlionav tNmrt flower. B. Contorted «aliratioa 
of thf ct>rolla of Jfti/ro. C. I’nlrat.* a-ativation of the corolla of Viii*. l>. Plicate 
aeativation of the corolla of ConvoUmltu^, 

The contorted or convolute mstivation is produced by the organs 
standing very obliqhely on the receptacle, as it were with one edge 
turned to the centre of the flower and the other roUed round the next 
succeeding organ (fig. 178, b). 

The valvate aestivation presents still more modifications. The 
margins of the organs maybe directly in conjact (fig. 178, c), or they 
may he involute (fig. 125), or induplicatey or, vke versa, reduplicaU 
(fig. 129), or eondupUcak, in all or which cases the rolled borders 
only are in contact, and not the absolute marginst When the organs 
are coherent at their margins, they^ sometimes become plaiteei or 
plicate, and a kind of combination of this and the contorted form 
occurs where the projecting plaits ore all rolled round in one direc- 
tion (fig. 178, n). 

The calyx and corolla may both have the same mstivation, or they 
may be different ; and these characters genemlly hold good through- 
out Natural orders. • 
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In the Malvacem the [estivation of the calj'x is valvate, and that of 
the corolla contorted ; in Hypencmn, DianthtiSf &c. the calyx is imbri- 
cate and the corolla contorted. 

^ Some additional terms are used by recent authors to express minute 
differences in the sestivatiou, furnishing valuable chai-acters in some of the 
large And multiform oi-ders of Moiiopetalous plants ; but it is unnecessary 
to enter into these minute particulars here. 

169. The direction of the spiral in imbricated and contorted aesti- 
vation is variable, sometimes "even in the same plant : occasionally the 
direction changes in passing from the calyx to the corolla ; at other 
times it remains the same ; and this character is sometimes constant, 
in other cases very inconstant. In determining the direction of 
spirals^right-hand or left-hand, it is us\ial to supjwse one’s self 
standing in the axis of the organ ; but many authors suppose them- 
selves standing in front of it ; for instance, in the place of the bract 
of a flower, which gives the exact opposite of the former ; hence great 
confusion in the application of the terms dextrorse and siuistrorse. 

The Cahj». 

170. The calyx is the outennost circle of the floral envelopes. It 
is composed of modified leaves, called sqxih ; according as the sepals 
are distinct (§ 155) or coherent, the calyx is termed polysepalons 
(or diahjsepalovjs), or inonosqxilom. (or gamosepalons). 

The exceptions to the absolutely external position of the calyx have 
been pointea out in § 164. 

171. The sejxih generally boar more or less resemblance to bracts, 
being attached by a broad base, seldom articulated, without any 
stalk, and of a green foliaceous texture ; not unfrequcntly, however, 
their texture is of the coloured and delicate nature described as 
petaloid. They are usually entire \ but the margins are sometimes 
cut, as in the Rose (fig. 158), and they arc occasionally reduced to 
scale-like, or even featherj’ or hair-like proijesses. They are like- 
wise subject to the production of pouches, spurs, &c., esiK'ciaUy at 
the lower part, both when distinct and when coherent ; and the apex 
is often more or less prolonged into a point or spine. Their mode of 
venation is usually like^that of the sheath of the leaf. 

. Some confusion is liable to arise in the condition called a mperior calyx 
(J 168 ), where the segments are totallv free : if we suppose an adherent 
tube to exist below. Aich a calyx would De mouosepalous : but the so-called 
calyx-tube is usually a cup-like leceptacle, and the 8tq>als arise where they 
Appear to be inserted — ^for example, m Ro^eso, Um^Uifrrsc, Cucurbita- 
cese, Comi^sitm, &c. 

17Sf. In ihey>olysepahu$ calyx, if the sepals are alike and sym- 
metricallj arranged, ^e celjx is regular ; if some of the sepals are 
laiger thw others (ffdianthemum, Cheiranihm (fig. 179)), it becomes 
irreepdar; and this is still more tHe case when the s<4>«^ differ in 
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,form 03 well os size. Some of the most remarkable irregular forms 
of polysepalous calyx occur accompanied by a petaloid condition, as 
in Aconxium (fig. 180) and Delphinium, j 

The coloured calyces, both regular (Fucheia) and irregjilar, may be easily 
mistaken for corollas ; but they are known by their exterior position, and in 
some cases by the existence of a more or less perfect corolline circle ^thin. 


173. The direction of sepals (whether distinct or coherent) is indi- 
cated by technical terms ; thus they may be erects connivent (the 
points tiiming in), divergent^ or oven re^lexed, 

174. When the sepals are confluent or not separated, the mono- 
sepalous calyx (fig. 181) is usually described as a whole. The part 
where the sepals are coherent is the tuhe ; the upper bbundary of this 
is the throat {fauai) ; and the free or spreading portion coi^titutes 
the limb — composed of lobes or teeth with intervening sinuses when 
the upper part, of the sepals is more or less distinct, entire when 
the sepals are so completely confluent that the compound nature is 
not indicated by any teeth or fissures at the free edge. 

It is necessary not to confound the receptnrular tube with the ealyx^tube 
proper. An investigation of the course of development will show the 
difterence between the two, and generally speaking the position of the 
petals and atameiH ; if the latter are pengipxoxis^ it is probable thatthe 
tube below is n*ceptacular. The venation and intenial structure will also 
serve as guides in this matter. 

175. The monosepalotis calyx is subject to the same kinds of modi- 
fication as that in which the sepals are distinct. It is either regular 
or irregular. 

Of the regular kinds we find a large number which present forms 
admitting of general technical names, such as tubidar or cglimhical^ 
cup^shaped, infuiulibuUform or funnel-shaped, campamdate or bell- 
shaped, iirceoiate when the tubular form is expanded below, turbid 

Fig. 180. 
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nate or top^s?iaj>ed when expanded above, inflated when the lateral 
view is oval or roundish with a narrow mouth (fig. 181), &c. (Sec 
j§ 182.) In some species of Campanula there are regular appendages 
at the bottom of the sinuses between the teeth. In Pnmula and 
some other genera the tubular calyi:: is angular or plaited. 

Calyces nearly resembling the above are rendered irregular either 
by a greater extent of disunion taking place between some of the 
sepals, the intervening fissures being so much deeper than the others 
that the teeth become associated in two sots, giving a bilabiate con- 
dition (fig. 182V— or by irrognlarities at the base, where a shallow 
pouch renders the calyx gibbous, a deeper one satrate, and a long 
narrow pouch fonns wiiat is called a spur. In Pelargonium this spur 
adheres to the peduncle. , 

In some instances a tubular development of the receptacle or tiower- 
stalk simulates the spur of the calyx. 


Fig. 183. Fig.. I8r,. 



1^2. ralyx of Sutcia, 

yijjf. Ki. Flort't uf Sci'ihio'on, th»* limb fif tho calvic in th^ orm of «). 

JPig. lvS4. Fruit of Cichorium, crownod by ciilyx ri.eri*»i‘nt<-<l by a •iroio of npiiir# 

{pappus). 

Pig. 135. Soctioa of thf‘ persistent calyr.enclosinj; the ri{>e caisiule. of 

V The free portion of the calyx of ComjKtsitie, Diiwacem, and V aleria- 
^nacese exhibits a very alterrant condition by appearing in the form 
pf .scales, bristles, or feathery or simple hairs, constituting what is 
Wiled the napm s (figs. 183, 184). In Ceniranthus the limb of the 
Wlyx is undeveloped when the flower opens, but expands during the* 
ripening of the fruit into a crown of feathered profjosses. 

Further details respecting the characters of the calyx are given under 
the head of the Perianth. 

176. The duration of. the calyx varies much. In the Papavcracem 
it is caducous, falling off wliojf the flower 0 ])enwS : if it falls with the 
corolla soon after fertilization of the ovules, it is lecidmm ; very fre- 
quently it persistent during the ripening of the seeds, as in Labiata% 
some^Solanacese (fig. 185), Compositsc (fig. 184), ikc. ; the upper part 
sometiBiett separates by a circular slit, leaving the base, os in Datura 
Stramonimn ; occasionally it grows during the maturation of the 
MA is then accrescent , fofming in Physalis and Trifolmm 
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fragiferum, for exatnplo, a vesicular envelope to the fruit. In the 
Marvel of Peru and other plants it is remaining and grow- 
ing into a firm envelope of the fruit. ^ 

The Corolla, 

177. The corolla is composed of all the leaf-like organs ol floral 
envelopes situated between the calyx and the stamens ; these are 
called petals^ and may exist in one or more circles. Where many 
circles exist, the inner organs often oecome stunted or deformed, 
and more or loss resemble barren filaments or abortive stamens 
{Ngmphcva), Each petal, under ordinary circumstances, intervenes 
between two sepals. 

The petals are cither distinct, and then^the corolla is called jpoZy- 
peUflous, or they are more or less coherent (see § 155), and the corolla 
is monopetalom. 

When more than one? oirclt* of pe?tals (‘xists, the corolla is multiple or 
double ; tlii< is normal in c(;rlain plants, but is very liable to occur from 
transformation of stHineiia &c., or actual multiplication of whorls, as in 
cultivated fio\v< vh of tin? Hose, ('ame//ia^ Anemone^ &c. 

17-^. Although petals depart m<>re than ordinary sepals from the 
charaett r ui true leaves in colour and texture, they present greater 
r' semblance in some respects, sim*.? they usually have a more or less 
<i( vclo])ed potiolar region, which is sometimes of considerable length, 
ill other time^ a more tUiekened point: and they are commonly 
ari'.ulal(Ml to ih(' receptacle. The petiolar portion of the petal is 
called the cAie* ( the expandid portion the Umh (lamina) 
(lig. ISf)). J*etaJs are lil ewise more fre(}uently cut at the mar^ns, 
as in the fringed petals of Pinks and the laciniated petals of Lychnis 
or they are deeply divided into lobes, as in many 
Carj-ophyllucea* (fig. 1S7), and the pinnatifid petals of Schizopetalum 
&Q, In some cases they exhibit processes on the inner face, wdiich 
have been su])poscd to be related to the stipules of true leaves, as in 
Lychnis (fig. 188) dec. 


Fig. 186 . 



Fig. 188. Fig. 180. 



V, 


Fig. 186. VeUA of Vtanthia, 

Fig. 187. Bilobed petal ofAisiM mmila, * 
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Xto relation of these internal scales or processes to the stipules is in« 
ihrred from their resemblance to the Hfftiie of Grasses. They are, however, 
^orally sneaking, merely instances of enation or excrescences from the 
^tal, found in a comparatively late stage of the development of the latter. 

179. Tho forms of petals resemble many of those indicated for 
simpla true leaves ; in addition to which others occur presenting 
curved surfaces : these are called simply mncave^ navicular or boat- 
shaped, cochleariform or shai>ed like the bowl of a spoon, d:c. ; or they 
may have basal pouches, and be tphhoitSy saccatCf or spurred (fig. 180). 
Others have peculiar appendages above, such as the crests in Pohjffala 
and the strap-lUce indexed points in the petals of the Umhellifera?. 

The term nectary is vaguely employed to indicate certain struc- 
tures of varying character intermediate in position between tho 
petals and the stamens, arid different in asjfect from both. 

180. Petals are or^narily of delicate structure and coloured, 
whence we derive tho term petaloid ; hut they vary in texture from 
a membranaceous to a thick and fleshy condition, such as we see in 
Maynolia, Nympheea^ &e. 

ISfl. Polypetalotis corollas are reyvJar whm the petals arc equal 
and symmetrically arranged : the individual petals may bo themselves 
either symmetrical or oblique, ])rovided they are all alike. Some of 
them have received special names, vsuch as : — tlie rosaceous, where 
there are five spreading petals ; the IdiaceouSy where six* petals spread 
gradually from a* funnel-shaped origin ; caryophyUaceous, whore five 
petals have long erect dlaws from which the limbs turn off at a sharp 
angle ; cruciform^ where four such long-clawed petals with horizontal 
limbs stand in the form of a cross, as in the Wallflower, &c. Slight 
degrees of. irregularity arise from some petals growing larger than 
others, as in the case of the outer petals of the outer flowers of tho 
corymbs of Iberis, of the umbels of UmhelUferoSj d:c. ; hut more stri- 


Fig. 190. Fig. 192. 



Rig. Ita Rkmser of Ae&nihm with the iepol* remored, thowing the two Hmmiier-heftded 
poWerlhr petel* <ov oeotoriet) with bterU oad ontertar •Oftle-Uke iwtalfL ottc- 
dMIe the muDeroiw 

IV' IRt W stb h S t i ewoll^inie petet (or aecteijyof RTW/eikni# 
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king irregularity results from unlikeness of the petals and disturbance 
of symmetry in their insertion or point of emergence. The imperfect 
corollas of Aconite (fig. 190), Larkspur, are examples of this!; 
and a still more important case occurs in the p apiliomc eous corolla 
of Lefpimimste (figs. 193-195), which is compos^a of HveTrafcals, of 
which the posterior, the vexiUum (fig. 194 a) or standard, the largest, 
usually symmetrical in form, is placed transversely ; the two lateral 
(fig. 194, hy h)y mostly oblique in fonn and small, forming the alas or 
wings, stand right and left with the edges fore and aft ; and the two 
anterior (fig. 194, r, c), also small and oblique, often coherent in 
front, and forming the carina or keel, also stand with their edges 
foiw’ard. 

Examples occiu? in the l&xge order Leguminos© of almost every modi- 
fication of the papilionaceous corolla, approaching to regularity in iBaptisia 
for instance, and still more in Coma* Irregular corollas exist also in the 
FumariaceiB, in Vioh, llalsaminaceae, Pelargonium, Tropcedum, &c. &c. 

Fig. 194. ‘ Fig. 195. 


i 

Pig. IW. PaptlionAccons corolla. 

Fig. IW. The wnamU^ w**^^*' al»; c.r,<^na. 

Fig. 195. Groana-plan oi floral eUTelope®, showittg the vfltiTation of the petaia 

182. The monopetalom corolla has a txihe, ihroat, and limh like the 
monosopalous calyx (§ 174) ; and similar terms are used to indicate 
the more common regtdar forms, such as ntuhilar (fiig, 192), cam^ 
panulate (fig. 19G), funnel-shaped or infundibuliform (fig. 197), 
urcfiolate (fig, 198), &c., a few others being requisite for the corolla, 
more especially such as rotate, when the tube is Extremely short and 
the limb spreads at a right angle (minagallii), hgpocraler{forfn or 
salver-shaped when a similar limb turns off from a long slender tube 
(Jaenninum, Phlox) (fig, 199), tfec. 

183. Irregular monopetalous corollas often famish important sys- 
tematic characters ; and several of the forms or classes of forms have 
special technical names* The ligvhU corolla is tubular at the base ; 
but disunion soon occurring at one sinus, the limb is turned oS to 

F 5 
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one side in tho shape of a flat riband or strap, on the margin of 
which occur more or less distinct teeth indicating tho five component 
I FiV. Fig. 197. ' Fig. 190, 



Fig. UM. Canii>anttlat« corolla of a Gentian. Fig. 11^. rpCH^olatc cort>lla of a Heath. 

Fig. lv>7. Funnel'shaped corolla of ConrolctUuft. Fig. 191*. IlypocraUfrifomi corolla of JRWex 

petals (fig, 200) ; this is cvspecially found in the ray florets (§ KU) 
of Composite : a modification with the tube and limb wider in pro- 
portion to the length occurs in liobeliacete. The lahiate or Mahiate 
corolla of the Labiatm (fig. 201) is formed by tlie two upper petals 
of the limb, which are scarcely at all sejiaratt^d, and stand apart 
from the three lower or anterior petals, which also are only partially 
separated, forming a lower lip op 2 )o.site the ujiper one and projecting 
forward from the throat of the corolla : sometimes the upjier lip is 
concave, and is then termed galeate, or helmet-like ; In other cases 
{Ajuga) it is almost abortive. 

!!Umo8t even' modification of this form occurs in the Labiatie, ap- 
proaching to an almost regular tubular corolla in Mentha. This form 
occurs also in the florets of some ComiKwitaa and in those of various Dip- 


Fig. 200, 



1^. 36a. Llgiikte ftorrt of ComiK»it», 
m SOL TOdiiato coroH» of 

7^99^ Cori^of F(rP0n^bsldbbt«iatbi)0tiir«,1mtth«icgnM^ 



THE VLOBAL ENTELOPS8 OOBOLLiL. 


107 


sace«5, where, however, the upper lip ia 3-lobed and the lower 2-lobed ; 
in the lionysuckle the upper np contains four petals, and the lower is 
foniied by a solitary one. Vermiica has an irregular corolla intermediate 
between hUahiate and rotate (fig. 202). * 


184. The persomte or nuish-Jihe corolla is rather ixidefinite in 
form : the type of it occurs in Antirrliinhm (fig. 203), whihh ap- 
proaches the lahiate form ; but the throat is closed by a gibbous pro- 
jection (forming the palate), giving the front view the appearance 
of a mask with a broad-lipped mouth. 


This is accopipanied by a similar (jihhom condition of the base of the 
tube in Antirrhinum, and by a spur in the same situation in Linaria, 
Aberrant forms of this type occur in Calceolaria, Utriculuria (tig. 204) ; and 
it runs into the labiate form%y such corollas as those of Melampyrum &c., 
becoming tubular in Digitalie, Forms allied to this occur commonly in 
Bignoniacere, Gesneracea3, Acanthaceae, &c. 

185. When the throat of a bilabiate, or irregularly lobed tubular 
corolla is widely opened, it is called rhujent or gaping. 

180. Petals when distinct sometimes exhibit appendages on the 
inner face M'hich have been interpreted as stipulary, as in Lychnis 
(fig. 188) ; in Itanunculus we find a minute scale at the base, and in 
Farnassia a largish scale, simple or divided, and of glandular cha- 
racter. In monopetalous corollas wq often find a circle of scales in 
the throat, either free or confluent into what is called a corotut 
(corona), sometimes developed so far as to produce a long tube pro- 
jecting from the throat. In other cases there is simply a ring of 
hairs in the throat (Mentha &c.). 

In most cases tlie scales arc opposite to the lobes of the corolla 
(fig. 205), rarely alteniate and opposite to the sinuses. 

Examples of circles of scales in the thmat occiur especially in the 


Fig. 205. 
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Boraginaceie {Myosotia, Symphyinm^ &c.), in CtMctitay In KarcimM 
poetimss and other species the corona is a complete ring, irhilo in JVl 
fseudo^iarcisstts (the Daffodil) it forms the deep yellow tube projecting 
the centre. Some authors attribute these structures to Maf'tsis, 
and derive the explanation of oppwite stamens from them (§140) ; others 
regard* them as representing a circle of Regular stamens in an al)ortive 
condition ; and the alternate scales of Stnnolm may represent an abortive 
circle of stamens, as this would restore the symmetry of the flower. 
Usually they are mere outgrowths from the petals, formed by emition at 
late stage of development. ^ 

These structures, by a confusion of tenns, have been ca4ed nectaries and 
nectariferous scales (§ 179). The terms scale and coronet ai'e 
more exact and convenient. Fig. 200. 

187. The duration of the corolla is Paducona, den- 
duotis, or persistent, like the calyx. Occasionally it falls 
away in part by a circular slit, as in Orohanehe and 
Bhinanthus. 


In VUis the caducous eoroUa separates from the receptacle 
at the bases of the petals, which cohere above and fall off i>ftei9,foherinff 
like a little star when the flower opens (fig. 20<)). The omS't’ur- 
coroUa is mostly deciduous ; it is persistent in Cam^xinula. plece!'^ 


The Perianth. 


188. Thisia^ been defined as consisting of the floral envelopes as 
a whole when composed of two circles of similar orgajis, or of one 
circle (a calyx only) when the general character of the Order is 
Monochlamydeous. 

Attempts are sometimes made, in cases where a single circle only exists, 
to distinguish whether this should be called a calyx or a corolla ; if 
a single circle of stamens stands opposite to the lobes, we may suppose a 
coroUa of alternating petals to be suppressed ; if the stamens afteniate 
with the lobes of a simple perianth, nothing would appear to \ie sup- 
pressed between them, and in this case we may suppose that it is really 
the calyx suppressed. 


189. A large number of the Monocotyledonous Fig. 207. 
orders possess a petaloid perianth ; that is, there 
are two circles of pet^oid organs, which, from 
their resemblance, or their actual coherence, have 
the apfearance o£ a single hexamerous whorl. 

This perianth may be reyular^(6g, 207) or irre- 
gular, hke the normal calyx and corolla; it may 
ha polyphyUcm or monophylhus ; and the outer 
dir^^ may differ to some extent from the inner 
in fonn, size, and colour, without other irregu- 
larity* The fonns are described bv the same 
tazmi as those used for the calyx ana corolla (§§ 175 & 182), 
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We hare a ra^ar poljphjlloua perianth in the Tulip and Idly, a 

reguiar monophylious perianth in HemerocaUisy Convallariay Tammy &c., 
a polyphylltus perianth with unlike circles in /m, and irregular 

polyphyllous ^rianths in Zingiberaceae, Orchidaceaey &c. * 

190. The irregular perianth of Orchidaceae (figs. 208 ’<fe 209) re- 
quires especial mention, as the Order is very large, and the characters 
of the perianth peculiar. There are three outer organs (a, «, a), 
more or less alike, and usually smaller than the inner; of the inner, 

** the lateral (h, &) are smaller than the posterior (6'), called the lip 
(or lahelhim), .which is often excessively developed, and even divided 
into regions which receive separate names ; in many of our native 
Orchids it possesses a spur (fig. 208 6*). 

191. The perianth of the Palms, of Juncaceac (fig. 210), and other 
Monocotyledons is composed of scale-like, fleshy or membranous 
organs, either free or confluent, approaching to the condition found 
in the Glumifene. 


Fig. 209. 



Fig. 20S. Flower of an Orchis, seen in iU natoral position, where, mrittg to the twisting of 
the inferior OTsry, the sntorior part is above and the posterior l>eiow. a. a, a, 
represt*nt sepals; the lateral petals; the labellom, prolonged behind 
at the base into a si>iir, ft*. * 

Fig. 209. Ground-plan of the flower, with the same references. 

Fig. 210. Flower of Lwtuh : ft. the fl-nierons scaly perianth. 

192. The perianth of the Monochlamydeous Dicotyledofls is very 
varied in form, texture, and colony. It may be monophylhm or 
pohjphylhus, and then rtyular (fig. 211) or irregular (fig. 212), and, 
moreover, petdhid or sepahid* It is r^uced to the lowest state in 
the Poplar (fig. 213), where it ia a mere membranous cup ; and it is 
absent in the allied genus Salix, as also in the Ash (fig. 214). 

A monophyllous. coloured, re^ar j^rianth exists in Thymelacess 
{Daphne ) ; the duU-coloured monophyUous perianth of Armoloekia is 
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irregular (fig. 212), The monophrUouB sepaloid periauths of &7fm^and 
Caifianea (figs. 2 lo^ 210) See. are regular; the pojyphylioiis eepaloiil perianth 
of Urticacea^ is also regular. In Pdygunmnj the* regular monophylloas 
herianth is partially petaloid, while, in the same Order, Itmiex ana Hheum 
nave a double circle of unequal, wholly eepaloid organs. 


Fig. 212. 



Fig. 211. Regular fverianth of AMrum. 

Fig. 212, Im*gular perianth of AritMoekia CAfinnUti*. 

Fig. 213. Flower of tho Poplar : <J , from a male cutkin ; 9 • from a f«!male catkin ; 
each with an abortive iwrianth. 

193. The perianth of the Glumiferous Monocotyledons requires 
special mention. 


Fig. 215. * Fig. 216. 



Fig. 314. Naked flower of the Aah {Freunnwt ureeUityr). 

Fig, 215. Flower of the Rim (UlmutU with a reCTltr .^-toothed perianth* 

Fig, 216. Inrolncre or young ^pule of the Cheatnut (Ctie^anea eevea), with two female 
flowere, ea^ havmg a r«^Ur perianth. 

In the Grasses, as already mentioned (§1 26), the flowers arc home 
in spUedtU, associated in'spikes, or panicles. A spikelet of the Oat, 
for example (fig. 217), eidhibits at its base a pair of green mem* 
branons scales, the glumes (a, a), more or less enclosing all the inner 
parts : these are r^arded as bracts, forming a kind of involncre ; 
and within theifi are found one, two, jor more flowers. The flowers 
succeed one another alternately on a rachis ; and each is composed 
of two sodes resembling the glumes, but smaller, called pales (mleas 
or (%s« 217^219, ft, b'J : the outer one of these is the 
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larger ; but tho inner one is forked at the top, and often has two 
distinct principal ribs ; hence it is regarded as composed of two con- 
fluent parts, niakiflg, with the outer free one, three sepals. Thesp 
pules or calycinc scales often bear a projecting bristle (awn, arista) at 
the to]» or on the back (fig. Within the pales (flg. 219} occur 

two, or in some Grasses three, little hypogynous scales (lodiculae, 
X, iv), regarded as abortive petals ; and to these succeed the stamens 
and pistil. 


Fig. 217. 



Fig. 217. Hpikol<‘'t of Ihr 0«t! a.a.glumen: 6. ft. tho outt'r palos of tho twoflorH«. 

Fjg. Onoflon'tdoOM'hcii amiopetu'd: ft,thoouU*r|>aU'(Hrithanawnft*); ft'.the mnuetrimle. 

Fig. 219. Tho mnxv, niHgiiitlod, wtdi th<‘ outiT pah* r«*inf>To<l : ft. tho inn^^r <doubi<>) pale; J'.jt, 
thi* lodi^Hhf or hyj>ogyiK>us acal**^ r**prrii*'ntinff thr potala. within which arc the 
thret^ »tameiiii and the ovaryt-^itb ittt double feathered tUgnui. 

S<»me authors regard the pales (especially the outer one) as well as the 
gluines os bracts. The h>j) 0 g^'nous scale.** are three in number in Sttpa, 
re.storing the symmetry. The uppt*r glume i.« sometimes abortive, as in 
Zoiium, while in Xar<h4s both are abseril In ^ii^tecurus only one pale is 
dcveloj)ef!. The spikelet often contains one or moT<^ imperfect flowers. 

19*4. The perianth of Cyperacene, w^here it exists, presents a still 
simpler condition, analogous to that in the Amentiferous Dicoty- 

Flg. 220. 



Fig, SStK F1oir«r of Seirpmn^ tho eitfHwtial torroonded hr • cirdeof briiitlea. 

Fig. 321, Female of Cerwr: «. the or |H»ruiiith« m the aiil of a hract; 

ftt the tnbiUar open trenieallj, toebowhowit aunoimdatliapiilll. 
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ledoRS, and in some cases is abortive. In Seti^tts (fig. 220) it con- 
sists of a circle of bristles ; in Eriophorum it is a tuft of hairs, 
jvhich grow out into a ‘‘ lock ” of cotton as the fruit ripens. In 
Careof (%. 221) there is an urceolate or inflated tubular perianth 
(peript/nium or utriculu^) surrounding the pistil of ‘the fertile or 
female flower, which stands in the axil of a bract ; Cyperm, Oladtumy 
&c. have the essential organs naked in the axil of a" bract. 


Sect* 9 . The Essential Organs of Flowers. 


195. The essential organs of flowers consist of stamens and instils^ 
both of which are present in perfect flowers, although these latter may 
be hKompletey from the absence of floral envelopes. In diclinous or 
unise^niai flowers the stamens or pistils exist alone, and the flowers 
are consequently imperfect. 

As the stamen possesses a determinate physiological function, there can 
be no organs physiolofficatly intennediate between petals and stamens ; 
but organs ninrfmdogically intermediate occur, not only nonnally, ns in 
the flowers of Xympheea (§ 140), but such Htructiu*e8 are v^ry common in 
monstrous double flowers, bearing anthers or polliniferous lobes upon the 
borders of petals. The morphological connexion is also kept up by the 
existence of sterile filaments or stamen-stalks, which, like the nlmhents 
of perfect stamens, may exhibit a petahid character. 

Still less can there be any phydohyica! intennediates between stamens 
and pistils, as they represent the distinct sexes ; but here, again, morpho- 
logically, connexion is occasionally shown in monstrous flowers, where 
imperfect organs present themselves, partaking of the outward characters 
both of stamens, and carpels. 

Abortive organs, referable either to the corolline or the staroinal circles 
or emrescences therefrom, have been already referred to (§ ; but it is 

desirable to notice more particularly the conditions of those structures 
which are commonly described under tlie name of disk. The simplest 
atate is that of one or more glandular papilltc, upon tlie receptacle, as in 
the Crucifer® (§ 140). In the Crassulace® {^dum, Sempervimm) we 
find a circle of glandular bodies outside the carpels 
and between these and the stamens. In Cobmt^ the 
Vine, and other flowers, there is a five-lobed hypo- 
gynous disk, the stamens* b<dng inserted outside or 
Between the lobes. In Citms (fig. 222) the disk 
forms a perfect ring round the ovary. In OauUheria 
there is a double cirdle of scales between the stamens 
and the ovaiy. On the other hand, in Vinca therc^ 
are two glanos, alternating with the two carpels of 
the ovary. The study of these structures is yary in- 
temtiiig, in regard to the reduction 6f irregular 
fiowers to regular types* Some of the structures are of cv/m# with tii« 
rndimentaiypetalsorstamens; and in other cases they iietoUsnd ttomeiM 
are refmhle to developments of the receptacle itself, 
coBrtittttbgwlwtDeCaDdaneiiamed*^ 


Fig. 222j. 
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196. The calyx and corolla having distinctive (collective names, 
analogous terms are sometimes used for the assemblages of stamens 
and pistils of a flom^r : the stamens collectively constitute the (in* 
droecium ; the combination of carpellary organs forms the gyncBcium* 

The Stamens, 

107 . The essential character of a stamen is, that it is that organ, 
in which arc formed thcpo?/en-^r«/>i», the bodies by means of which 
the fertilization of the ovules is effected. A completely developed 
stamen (fig. 223) exhibits two principal regions, the filament or 
stalk (rt), corresponding to the petiole of a leaf, and the anther (b), 
(*orrespr)nding to the blade of a leaf — which is a hollow body con- 
taining the pollen, and is therefore the only essential part of the 
organ ; the filament may bo wanting or merely rudimentary ; and the 
anther then remt^s smile, like a leaf-blade when the petiole is not 
developed. The normal position of the stamens is between tho 
j)etals and tho pistil ; each stamen, under ordinary circumstances, in- 
ten'cnes between two petals or is alternate with them, and therefore 
superi)oscd or opposite to a sepal. 

Tho base of tho filament, or of the so-called sessile anther, is usually 
articulated to the nMvptacie when these organs ai*e free (§ 157) ; but 
this condition is more or less disguised •when the stamens are adherent to 
tiie calyx, corolla, or ovar 5 % 

193. Sterile filaments, 1 . e. such as are devoid of anthers, occur 
in many fiowors in regular circles (§ 152) ; and not unfrcquently one 
or more stamens exist in this condition in unsyrametrical floweA. 
Sometimes these staminorlia are reduced to mere scales, as in the 
odd stamen of Scrojdiuktria (fig. 224), or to glandular papUlm, as m 
tho flowers of many Cruciform. 

199. The filament, in its usual condition, is a slender thread-liko 
stalk to the anther, and in this state is termed filiform. Sometimes 


Fig. 22:1. Fig. 226. 



Fig. S2S. A MKmMk t a, the Sliiinf nt ; A the Mither. ’ . . 

Fig. 224. (^rolU of Smtpkularia Uid open, •howiog the four didjntinoM etaniew and the 
pOHteiior barreA one, or etamiaode. 

Fig. 225. Stamea oSAtUum, with a triSd filameat. ^ 
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it is almost hair-like, and incapable of supporting the weight of the 
anther, when it is cajullanf, ns in the Grasses ; while it is still more 
frequently thick at the base, diminishing gradwftdly upwards, so os 
*to ^como aufl^iihapeti or suhulute. In a few insttuioos (Urtica) it is 
moniliform^ or like a row of beads. In other cases it is more or 
less expanded into a peUdoid coniixixon, in Erodium; in Carnpunuhi 
it is expanded iii tliis manner at the base. Oniithoijnlum has the 
filament ddated in this way throughout. The dibited filament 
sometimes exhibits divisions ; in Cramhe it is forked at the summit, 
the anther standing on one point ; in AUiiim (fig. 225), Ahfsmnt 
cahfctniim, Ornitkmfolum nutans^ the filament terminates in three 
teeth, the middle one bearing the anther; and in Allium sativum one 
of the lateral teetli forms a kind of tendril. 

In some plants, as in Mallows, some Myrtncem, Hypericum, Ac., the 
stamens are very nixmerous and are arranged in fascicles. The st udy 
of the development of those flowers shows that in most cases these 
fascicles are originally single organs, which become subsequently 
divided, or rather branched, so that the fascicle of stamens in such a 
case may be compared to the compound leaf. 

200. Appendages of other kinds are also met with, such as a pair 
of glandular processes, standing like stipules near the base, in Lau- 
raceaj (fig. 233), a single in Kosemary; while in Borayo the 
filament appears to arise on tfic face of a scale-like body, and in 
Simaba and Latrea it stands at the back of an analogous scale. 

The scale-like organs situated at the base of filaments, or connected 
yith fascicles of stamens (Tiliaccffi), are by some rt'garded as funiishing 
evidence for the doctrine of ehorim (§ 149) j but they are more probably 
merely barren lol)es of compound vstamens. 

201. The anther has a typical form, which is subject to ver}' great 
modification in different cases. A regular anther (fig. 223, h) is an 
oblong body, divided perpendicularly into two lobes ; the division is 
usually marked by a fiirrow on the face, and a ridge on tlu‘ bark 
(or dorsum). The central region, which is solid and repn'sents the 
midrib of a leaf, is called the conu^nive:, the lobes are hollow dila- 
tations of the lamina, and contain the pollen. At each Wdor, 
usually rather towara the face, is a vertical lino, called the suture, 
indicating the place where one class of anthers split oi)en to discharge 
the pollen. • 

202. The anther is ’attac|^ed to the filament in several ways ; if 
the filament runs directly without interniption into the base of the 
connective, like the stalk of an onlinary leaf, it is said to bo innate 
or btmJLcetl ; if the filament runs up the back of the anther as it were, 
so that the latter is more or less free at the base, the anther is 
adnate or dorsifixed ; if the filament is attached by a slender apex 
to about the middle of the back the anther, the latter is versatile. 
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In the Tulip, the capillary point of the anther runs up into a conical 
pit in the base of the connective. 

203, The modiiibations of the anther result from Fig*. 226. 
various causes — from development of the connective, 
from the presence of appendages, from variation of 
form of the anther-lobes, and from special conditions 
of the internal cells; and there are also important 
differences in the manner of bursting, or dehiscencey 
for the discharge of the pollen. 

204. The connective is normally a solid rib, run- 

ning up the middle of the anther. If the lobes of the 
anther extend upward or downward beyond it, the 
summit or base of tho anther (or both) becomes 
enumjbmte. On the other hand, the summit of the 
connective is prolonged in a membranous form in Violay 
and also in the Composite. In (fig. 220) the Sumen of Pori* 

apex is lengthened into a point, also in 

Mafjnolia, Ac, ; in Xiflojita into a fleshy mass ; in the Oleanders into 
a feathered process, Ac. In two of the stamens of Viola the base of 
the connective has jietaloid spur-like appendages ; and still more re- 
markable states occur in the Melastomacete. 

At other times the coniioctivc expands transversely, so that the 
IoIm's become more or less separated ; in such cases it may be ovate y 
oMcnlnry Ac. {MeVma, the Lime-tree, Ac.). This is especially the 
case ^rith the lower part; and examples may be found illustrating 
tliis point, forming a series from the state where the bases of ^le 
lobes arc l)ut slightly separated, to that in wliich they are inclined 
togi'tlier at tho summit at an angle of 45® ( Mtex ) ; or, further, the 
bases are carried out and up till they are liorizontal, as in SkichySy 




Fig. 2?7. S(ain<*n of Sultia with a hAlf-anUitT containing [KUlcn aii4 the oUker half 

l>ojrri*n, 84 *|mnU^ bj the bifhrcfttitm of the connective from the sumniit df the 
fltament. 

Fig. 22S. Oroup of dtamens with nnuiiie of the male (lower of a Gourd. 

Fig, 329. Stamen of 
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Prunella, &c. ; while in other instances this goes so far that the 
connective grows out into two distinct arms from the summit of the 
lament, bearing the solitary anther-^jclls at the tips : in S(th{a 
(fig. 227) one of the lobes is abortive, and represented bv a petaloid 
plate, 

205, The 7obes of the anther are commonly oblong; in tho 
Grasses they are linear ; but they vary with the form of the con- 
nective, and are sometimes fanate or rent form. In the Cucurbitacca) 
they are remarkably convoluted {sinmte) into a flat scroll-like 
form (fig. 228). Not unfrequeiitly they are attenuated upwards 
into free points, as in Vamnhim (fig. 229); in the MelastomacesD 
the two lobes become confluent into a tubular process at the summit ; 
while appendages are occasionally met with at the bases of the lobes, 
as in Erira (fig. 230), &c, 

206, The lobes of most anthers exhibit iiiternally four cells (or 
hcnli) in the early stages of development, each lobe being divided 
into two by the septum extending from the connective to the suture 
(fig. 231). The septum is more or less destroyed during the matura- 
tion of the pollen in most cases, leaving the anther two-celled, or 
haoeuhr(&g,2S2), In some cases the internal substance of tho 
coimective is likewise absorbed, producing a true unilocular anther, 
as in AlchemiUu and in Malvaceic. In other cases the four cells aro 


Fig* 230. . Tlir. 233. 



Fi|p. dSO. Stamen of JSrica einStta. 

Kg. SSL Bfctjoarf m mthcr. iu two lobw Mill dmdM into two cell. brth. Mwto iwobiM 
from the connective to the Htiuret, ^ ^ 

962. Section of a bilocnlar anther (the lepta havf, Inien ab^iorhed' 

letotned pofect, as in the quadriloeular anthers <>{ Bntomm, where 
ili^ are panUei, and of some Lanracc®, where they heeome ohllnue 
SO that the aammits are all turned towards the face. The •UmidtaU 
tuulocBlar anthers of Gomphrena and Salvia are so called from being 
otay halros of anthers in which one lobe is abortive or suppressed 
jbumidina oae-celled aotiiers odsur in Polygala. The unUecular 
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lateral anthers of the diadelphous stamens of Fumariacess are 
dimidiate , , 

207. When the Vinthers are mature^ the cells or loculi open and, 

discharge the pollen. This dehiscence takes place in different ways ; 
it may be sutural^ 2 ^orous, or opercular, • , 

iSutural dehiscence is the opening of the walls by splitting down 
vertically at the sutures, and turning back like foltoig doors ; this 
is the more frequent case. A transvers^C' slit is formed in the uni- 
locular anther of Alchemilla, in Lavandula ^ and in Lemna, 

Porous dehiscence is where definite orifices are formed at some 
point of the wall of the loculus, as at or near the summit in Sotanum^ 
Ericacea} (figs. 220, 230), &c. 

Opercular dehiscence results from the partial separation of a por- 
tion of the wall of the loculus, in the form of a kind of lid, as in the 
Berberry, where the front of each cell splits off at the sides and base, 
and turns back as if hinged at the top. In the Lauracese (fig. 233) 
we find either two or four little lids of this kind, opening the two or 
four cells of the anthers. 

208. The stamens of the Gymnospermia present remarkable con- 
ditions, which re(|uire separate notice. 

Among the t'onifene, the stamens of Pinus constitute the entire 
male flowers, and are conjoined into mule cones, each anther forming 
a scale of the cone ; they are bract-like plates, bearing on the loTver 
face two parallel anther-lobes (bursting longitudinally or irregularly), 
beyond which the connective extends more or less as a scale-like 
process. In Vnpressus the form of the anther is excentrically 
peltate (§ 89), the lobes, three or foiu' in number, standing under the 
overhanging connective ; and it is similar in Juniperus and Thuja, 
In Taxus the peltate connective is more symmetrical, and radiately 
grooved above, having from three to eight vertical anther-lobes be- 
neath : some authors regard this as a group of monadelphous stamens. 

In the Cycadaeea?, wliere the anthers arc scattered in large num- 
bers over the low^er face of the scales of the male cones, they occur 
mostly in the form of groups of four simple antlier-lobes, with longi- 
tudinal dehiscence and arnuigt^d in the form^of a cross. These are 
mostly described as parcels of unilocular anthers. 

209. The stamens, taken eollectively, present a number of cha- 
racters, which have received technical names. The number of sta- 
mens in a flower is indicated by the tejms mon^androtts^ dUandrous^ 
&c. ; when more than tw’olvo exist, the term jicly-^androus is em- 
ployed. When the number of tho stamens is equal to, or some 
multiple of, the number of petals in tho corolla, &c,^ the flower is 
i sostemonous ; when the number is different (as in Scrophulariacem 
&c.) the flower is anisostemonom, 

210. Two cases ot mequaBty^of tength of the filaments aie 
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distinctly named, viz. the didynamous condition (figs. 234 & 235), 
when there are two pairs of stamens, one pair longer than the other, 
/iharacteristic of many irregular Monopetalous flowers (Labiatm, 
Scrophulariaccae, &c.), and tetradymimous (fig. 230), when there are 
four Jong stamens and two short ones, characteristic of the Crucife^. 

211. The term indbtded is employed to denote that the stamens 
do not reach beyond the corolla ; exserted^ that they are protruded 
from it ; while declinate m^jans that tEe exserted stamens are aU 
curved over to one side. 

212, The stamens arc subject to apparent confluence or cohesion, 
like the other organs (§ 154). . If the filaments are only partially 


Fig. 234. Fig. 235. 



*Fig. 2S4, Corolla of Gleehoma, laid open to show the didynamous stamens. 

Fig. 335. CoroUa of UigiUtlis, laid open to show the didynamous stamens. 

Fig. 336. Tetaradynainous stamens oi the Wallflower surrounding the pistil, the floral ente- 
lopes being removed. 

separated so that they form a tube surrounding the style (or a 


Fig. 238. 
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column in a staminate flower of a diclinous plant) (fig. 228), the 
stamens are monddeljjhoua (fig. 237), as in Malvacem, Camellia^ 

In Fiimariacem thej’ are colierent into two equal parcels, while in , 
many Leguminosa), of ten stamens, nine are united together and one 
free ; these states are called diadelphous (figs. 238 & 239)., In 
Hypeiicaceee wo have triadelphons (fig. 240) and penUidelphous 
states; but these, as also the state in Aurantiaceae and various 
Myrtacese, are generally denominated pohfadelpJwus (see § 199, 
compound stamens). 

213. Sijmjeneiiious signifies that the filaments are free, but tho 
anthers coherent (fig. 241), as in Compositse and Lobeliacem. 
Gynandrons indicates confluence of, or want of separation between, 
stamens and pistils, such as occurs in Orchidaceaj, Asclcpiadacese, 
Arlstolochia, ic. (fig. 242). These tenns, together with those de- 
scriptive of adhmouy perigynouSy epigynous, etc., have already 
been explained (§ 157), as also the meaning of the words monosciouSy 
dio'ciona, &c. (§ 151). 

214. Usually what is called the face of the stamen is turned 
inwards toward the ovary, and it is then said to be i ntrorse : but 
sometimcjj tho reverse state exists, and the face is turned towards 
the floral envelopes, as in lianmcuhtSy Colchicum, &c., when the 
stamens are termed ext rors e. 

Fig. 241. 


Fig. 241. iiiiinu>n« of Compo«5t»: anthero anrroniKling tlie «t?le as* 

shRSth ; 6, the anthers remoTt*d and unread ont. showing the fW*e Siamenta. 
Fig. 242. Section ofthe low^r part ofthsoeriant Hof A mfo^ofAia.seatw on the inferior ovair. 

In the carity of the perianth is se*’n the style, with the adherent anthers upon 
it# sides, • 

Fig. 243. Clarate polU^n-mass of Orolis, prolonged below into a eawd^e, bj which it aUaohes 
itself to the ro$Mlttm of the stigma. * 

215. Tho Pollm, discharged from the anthers, consists in almost 
all cases of a fine powder composed of microscopic vesicles ; the form 
and appearance of the grains vary much, and will be spoken of 
hereafter. The pollen of the Asclepiadaceee and Orchidaceie, how> 
ever, has a great peculiarity, in temaiaing permanently o<dipieiri 



Fig. 242. Fig. 243. 
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into masses, often of a waxy character. In Orchidacete the 
masses, or pollinia, are either single in each loculus of the anther 
•(as they are in Asclepiadaceas), apd then often furnished, as in Orchis 
with a stalk-like process, called the caudich (fig. 243), termi- 
natiBgin a gland-like base (rethiactilum), ty'^^ch they readily ad- 
here to the stigma or to foielgSnbodieB, such as bisects ; or the 
pollinia are two or four in each loculus, and deyoid of a caudicle ; 
sometimes the poUima ar,e numerous, aud form merely a loose 
granular mass. 

The external characters of the pollen-grains, their structiue, and sub- 
sequent history wiU be treated of . in the Third Part of this work, as they 
belong to the microscopic anatomy and the Physiology of I^laiits. The 
form of the pollen-grams is generally constant in the same phint; but 
great variations are often found within the limits of Natural Orders, so 
that, exceptmg flie Drchidacem and ^Vsclepiadacese, and a few other groups, 
they do not afford any very useful chamcters in Systematic Botany. 


Fig. 240. 


« The Pistil. 

216. The central essential organs of flowers, composing the pistil, 
consist, like the enter parts, of modified leaves ; these constituent 
leaves are called carpels. The peculiar character of a carpel is, that 
it produces omdis, the rudiments of the seeds — usually upon the 
margins, hut occasionally on other parts of the internal surfiice. In the 
Gymnospennia these ovules are developed upon the edges or surface 
of expanded carpels. In the Angio- 
Spermia, comprehending the great Fig. 244. Fig. 245. 
majority of Ilowering plants, the 
carpels are folded up, either singly 
(fig. 2441 or collectively, wnth the 
margins pimed in so as to place the 
ovules in the interior of a hollow 
case. The case thus formed, eii- 
* closing the ovides, is called the ovary 
224 & 225, a, a ) ; the upper 
p^of the carpel is ftequently 
tiM^iilted in to a slender column called 
tile styU (c), at the extremity of 

is" a terminal glandular orifice ^ 
or (bj h), the borders of f^. wa Sm>t>tc pjiS] of Prunuji: 

wUlSh are often more or less 

or developed into pro- 

kind;. 

fi^ prolongatioii does not — ■ — ' 




, „ , th<* 

otwy ; tlif the Higma. 

Ffg. The o^ed, to ibow the 
o9uU wtibin the onsj, 
ia, 246. CroM 

rVwnitff ehowiog thet »i»i; 
from the tlieoolUtaent maniiui 

of the oupel. 
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Tho pistilft are undoubtedly formed of carpels (carpellaiy leaves) m 
most instances. Some writers do, indeed, consider them to be formed in 
certain families by an expansion of the receptacle or axis of the flower ; 
but it is the general opinion that the carpels in such cases are imbedded 
within the hollow receptacle. 

/> The foundations of the carpellary theory, and of the doctrine that the 
carpels are metamorphosed leaves, rest upon a very wide basis. ^ The fol- 
lowing observations include examples of some of the most important 
classes of proofs : — 1, The carpel ordinarily possess^ more of the cha- 
racter of a true leaf, as regards texture and colour, than the stamens or 
petals — approaching to the sepals, which we* have seen to pass insensibly 
through the bracts (§140) into ordinary leaves. The resemblance is 
sometimes heightened during the development of the fruit, as we see in the 
legumes of some species of Cassuij and still more in the bladder-like pod 
of Colutea, 2. Abundant examples exist of the substitution of petals for 
stamens and pistils in abnormal flowers ; and an almost eq^ually common 
monstrosity consists in the substitution of isolated stunted ^een leaves for 
the caniels. In the Double Oherr}’^, cultivated jii shrubberies for the sake 
of its blossom, the stamens are generally replaced by petals, while the 
centre of the flower is mostly occupit^ by a pair of green leaves. (The 
single, fertile Cheny frequently nas two pistils developed instead of 
one.) In a common monstrosity of the White Clover, the pod is usually 
replaced by a more or less perfect green leaf ; the same occurs in garden 
Hoses, where tufts of green leaves replace the pistils j and, in fact, 
examples of this kind are very abundant. 3. The more or less stunted 
green leaves which n^present the carpels in the above-mentioned monsters 
frequently exhibit on their margins structures varviiig in character from 
almost perfect rudiments of ovules to cellular papllhe and leafy lobule.s. 
This is obsen*ed in th(‘ monstrous Clover, and has been especially remarked 
also in monstrous flowers of cultivated (forced) Tulips, of various Cruci- 
fene, llammculacea>, Scrophulariacea^, &c. The abnormal conditions in 
these ca^^es are analogous to the normal condition in Coniferre and Cyca- 
de.’c, the Gymnosjienns, where the o\uiles are always naked on open 
carpels. 4. The production of ovules on the maigiiis of carpels is anmo- 
ffous to what is seen in the development of mhentUunu Imd^ on Tentative 
leaves, as in linjophyllum kc. Such buds, however, occur sometimes on 
the upper surface of leaves j and we find some carpels, as in Kympheta, 
Ihitomm, &c., with ovules developed more or lesa ei^tensively over tne in- 
U^nial face. 6. Tho disposition or arran^mimt of the vascular bundles 
is that of the leaf, not that of the branch. The structure and mode of 
growth generally are thase of the leaf and not of the bratudi. A , 

217. The region of the caqici w henco the ovules arise is caUwnie 
placenta; and when inAngiosixinnous flowers the placentas arlc^arly 
and distinctly marginal, they must of course be douiJe, from the 
meeting of the two edges ; the snme^ true of the §tigrmtie snrfaees. 
The line of union of the margins of carpels constitutes the ventral 
mUure ; the line corresponding to tho midnb of tho caipellary leaf is 
tho doTBol suture. 

An excellent example of a simple ^ical pUtil formed of a ringle car^ 
is afforded by the legume of the Leguminosie ^ aa^ for instance) in the 

• a 
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Sweet-peS; where we find the ovary, with a ventral and dorsal suture, 
imrrowed above into a short slender style, terminating in a slightly 
enlarged stigma. "WTien we open the ovary, in the way it is broken in 
shelling peas for the table, we find the placentary fnaigins separated at the 
ventral suture, each carrying away half the ovules, demonstrating clearly 
the double character of the placenta. 

218. Pistils differ extremely in different plants, from dissimilarity 
in the number, degree and mode of union, and relative development 
of the different regions of the carpels, to which aro added the pecu- 
liarities arising from adhesion of the outer circles. 

219. The number of carpels is most fre<iuently less than that of 
the organs in the outer whorls, being very frequently reduced to 
two, and often to one.. On the other hand, multiplication of the 
number is met 'mth in certain Orders, where the receptacle is gene- 
rally more or less enlarged to make room for thqp. 

A large portion of the Monopetalous IMcotvledons, with a quinarj^ ar- 
rangement of the calyx ana corolla, and often of the stamens, have dicaqiel- 
lary pistils, as Gentianacece, xVpocynacea', Solaiiare®, &c. Tieguminosi© 
with quinarj* flowers have a solitary carpel. The a^cement of the number 
of carpels ivith the other organs is almost universal in the ternary flowers 
of Monocotyledons, as in Liliaceie, Iridocete, Orchidacece, &c. Multiplica- 
tion of carpels is especially frequent in the Rauunculace®, Magnoliacea?, 
and some other Orders. 

220. A most important sot of conditions arises from the phenomena 
of cohesion in the carpellary circle. In the typical ]>istil above 
described, and which really exists in Leguminosm (for instance), the 
organ, being composed of one carpel only, is simple, A caq)ol may 
be solitary in a flower, from suppression of the remainder of the 
circle ; or there may be in the same flower several distinct, i. e. un- 
combined oarpels, as in Larkspur, Aconite, Magnolia^ liamnicnlns, 
Fragariay &c.; in these cases the term multipk pistils is occasionally 
u^d, or we may say carpels distinct, tliree, five, or numerous, as the 
case may be. The terra apocarpous pnstil includes both the solitaiy 
carpel and the multiple pistils. In the case of multiple pistils, where 
the receptacle is flat the carpels are in whorls ; but if the rect^ptaclo 
is elpflgatcd the carpels are arranged spirally, as in Magnolia, 

221. Where, as very fre(|ucntly happens, the carpels cohere to- 
gMher, as the Stamens do in the concHtion called monadclphous, a 
Bynearpons or compound pistil is formed ; and- as the carpels occupy 
file apex of the rfeoeptacle, they do not form an open organ, like the 

of filaiiients in jl/aZva; for^example, butm closed ease, appearing 
externally Kke a solid body, mostly with ridges and grooves on the 
outside, indicating its compound nature* 

The union varies very much in degree : even in multiple pistils 
ire find the carpels sometimes cohering strongly labile young, and 
sepani^g only as^e seeds ripen ; and in tnm compound pistils the 
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union docs not always extend to the summit of the ovarian region, 
as we observ’e in the SaxifragaceoB, where the apices of the ovaries 
diverge. More frequently the ovarian regions are firmly coherent ; 
and then the styhs may be wholly free — Pink, Silene (fig. 174), Hy- 
pericum, (fee., — or united part of the way up — as in some ^alvacese 
(fig. 247), — or entirely, but with the stigmas distinct (as in Gera- 
mum, &c.) ; or the stigmas may also be confluent (Primulaceae, Sola- 
nacefu, &c.). Sometimes, however, the styles or stigmas exhibit the 
reverse condition, and are split into two parts, as in the styles of 
Brosera, Euphorbia, &c. 

222. The conditions arising from adhesion have been referred to 
already, under the names of superior or inferior calyx or ovary 
(§ 158). They are always associated with cohesion when more than 
one caq)el exists. The styles are free when the ovary is inferior, 
cither coherent, as in Iridacece (fig. 200), or distinct, as in the Um- 
bcllifenc (fig. 171) and Kubiaceae. In Sa.vifraya, and in some other 
cases, the ovary is half-inferior. When the stamens are consolidated 
with tlis^ pistil, the yymndrous condition is produced. In Orchidaceee 
tlio filaments are iiisoparablo from the style, forming a column sur- 
mounting the ovary ; in Aselepiadacea? the anthers adhere to the 
summit of the fr(‘e compound style ; in Aristolochiacem the filamenta 
adlicre to the base of ihe compound style (fig. 242). 

223. Com])()und pistils are sometimes smooth and even on the 
outside, showing no sign of their compound nature, ns in Primula 
(fee. : in other cases they exhibit more or h'sg deep furrows at the 
lines of junction, sometimes dividing them into lobes. But the in- 
ternal structure of tlie ovary generally indicates the number of car- 
pels entering into its composition very plainly. 



Fir. 2i7. Ovnry, ntylon, ana ^ttgmna of Maha. PiRaSld. 3 -<h‘1KhI ovary of 

Fig. 21S. 2*eell(Hl ovary of Scroi^nlariaooip. 2W. ovary of 

Fig, 251, ovary of Fuckfia. 

224. When the carpels are firmly and organically tinited by the 
surfaces of contact, W’e obtain the type of a compound mnlfilocular 
or many-eelkd^pvary (fig. 248). In these cases the sides of the 
constituent car^s are folded inwards, so as tojfcieet in the centre, 

0 2 
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and thus form partitions bohroeu the chambers (cells or loculi). The 
placental margins of the infolded car}>els are retroHexed, constituting 
’ placentas. The partitions are called iiissejoiments, and 

are necessarily double, being composed of the conjoined side-walls of 
contiguous caqKds. In such ovaries the dorsal sutures arc in the 
outer wall, while the veutnil sutures meet in the centre (fig. 24S). 

Examples of this kind of ovarj' are fiumished by Liliaceno (fig. 241>) 
and many other Monocotyledonous orders, by Kricacere, Solanncea), Scro- 
phulariacea), v^c. In some casOwS the ventral sutures and placentas iu*e not 
directly confluent, but adhere to a central prolongation of the receptacle 
running up between tbeni, as in (feraiiincejT* ( fig. 270), See. 

m*cur occasiomdly both in compound and 
- simple ovaries, consisting of inembraufs »>r plates developed from the pla- 
centa or from the dorsal suture, and subdividing the originally single ca- 
vity formed by individual caipels. Thus in Linum the 5-car|)ellary ovary 
would have five cells; were it not that a spurious dissepiment extends in- 
wards from the dorsal suture to the placenta in each cell, and divides the 
ovaiT into ten cells. In Astrtufalm ( tig. 2o2 ) the simple ovary is divided 
by the inflexion of the dorsal suture, and in Datura Stramonium a falst' 
septum is formed in each of the cells while the seeds are ripf uing. The 
transverse septa found in various Leguminous ovaries, such as Cafhar- 
tocarpus vtc.,are likewise placental developments. 

225. If the caq>els are not inflexed, but cohere by their contiguous 
margins, they fonii a hollow case with only a single cavity ; and as 
the lines of junction of the carpels are on the outer wall, the pla- 
centas must stand inside those lines ; in this way is formed a undo- 
cxdar compound ovarp parietal jdacentas (figs. 25.‘i-27)5). Tlieri' 
hre no dissepiments ; and the ventral sutures, alternating on the outer 
walls with the dorsal sutures, are, in such cases, like the placentas 
within, formed of the confluent margins of two different cari>els 
instead of those of the same caqK‘1. 



Fig. d$2. a. legume of A^iragalu9\ h, crow Fig. 2,^. O <iry of Oontiafiace«e. 

•eelioa,ino«ni)ga&lfledi«8epiment formed Fig. 254. Orarr of 

bjr the inflexion of the suture. Fig. 255. Ovary of CuiMa, 


We find almost eveiy posMble degree of transition between the parieiul 
and the tmle plac^asj according the placentiferous margins project 
more or lees into tti interior of the ovary. True parietal placentas are 
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found in Violtwiefio (fig. 254), Resedacese, Gentianacem (fig. 25t3), Fuma- 
riacea), Ci8taceo9 (tig. ^255), Grossulace®, &c. In Papai^r we have the 
margins tumied-in so as nearly to reaeh the centre (as inlperfect diasepi- 
ments) ; in some llypericaceas (//. yraveolem) the originally axile placentas 
become i)arietal by separation during the ripening of thie fruit, while in 
Cucurbitiweae the originally distinctly parietal although greatly infldxed 
margins ultimately cohere so as to form an axile placenta. 

In Cruciferm we have an anomalous condition, where there are two 
double parietal placentas, but from the central line of each projects a plate 
passing across tlie cavity and forming a kind of spurious septum, called 
a • so that each cell contains only the tw-u half-placentas formed 

by its own margins. 

22G. In some Orders, where the walls are as in the unilocular 
comjKnmd ovariOvS above described, the placentas arc found as a free 
column or expanded mass in the centre of the common cavity. This 
forms the coinmu:iy. l iniUoeular ovary with a jret central pla^nta. 
In Primnlaccjc, Santalam^ and some otherTimefs, where u us kind 
of placontation occurs, the placentas are free from their very earliest 
state, and arc seen to be direct prolongations of the receptacle 
within the carpels. 

The appeanuice of a free central jdacenta is presented in OfttyophyllaceiB 
and some otlier plants l>y the nblitt-ration during development of the ]>ar- 
titions whi<‘h, in a young state, pass between the outer walls and the centre 
of the carpels. 

In the opinion of Sohleiden and some others, the marpnal theory of 
placentation is eiToneous. The placenUis are supposed to be in all cases 
stein-structures, ramified or siiiiph*, nxillarv to the ciiTpels, or forniinjr the 
tennina.1 hud of the axis or apex of the r«?cepl iu.de, within a cavity eitlnar 
foniied hy carptds or by a hollowing-out of tin* end of the n'ceptacle. 
Thus the solitary ovuh\s in the simple pistils of lianmtcalmy Prunu-^, FVn- 
yan'o^ kc, would ho axillary bmls of the carpids. The solitary ovule of 
Idiinibaginacore, ( ’oinposita.*, I’hymelacea.*, ixc. would be the tenninal 
bud of the axis. The tree ceiitml placenta of Priimilacoa}, kS:c, would be a 
terminal shoot covered with buds or ovules; and the cases of axile placentas 
in multilocular ovaries (Liliaceie, Scri»phulariacete, i^'c.) would result from 
the margins (»f thti rai*pelfl turning in and ailhering to the central body. 
Parietal placentas are explained by supposing the terminal shoot to branch 
out into as many processes as thort'. are phicentas, these ehcKits bearing 
buds (ovules ) and adhering to the internal sifHadl' of the carpellary walls. 

These vit*wa are not much adopUnl ; for while the maiginiU theory ex- 
plains mo^‘t cases very naturally, it mav b»» made to explain free central 
placentation mon* satisfactorily than parietal placentation can be explainoil 
oil the other hypothesis. • 

227. The placentas have been spoken of as double, on account of 
their origiu ; where only one ovule exists in a cell, it is assumed that 
one at least is suppressed ; and this other is not unfrequently deve- 
loped ill the Cherry, Almond, ifec. (causing the double kernels). In 
liCguminosm the double placental base is so narroMr that the ovules 
are placed one over another, antf form what appears like a single 
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line. In Larkspur, Columbine, &c. there is a distinct double row ; 
in many cases each placenta has a double row ojp ovules ; while axile 
» placentas are fre(|ueiitly thickened and enlarged, so as to boar a large 
collection of ovules, closely packed. In Papaver the ovules exist all 
over the imperfect septa ; in X^xplum, all over the sides of the dis- 
sepiments, and not at the manjim ; in Butomm, all over the inside 
of the carpels, &e. Where ovules arise from the base of a carjKd, 
either singly or in larger numbers, the placentation is ctiUed basilar ; 
it is in most cases a slight moditication of free central. 

22S. The stplfs require no particular notice beyond the statements 
already made, except in regard to their irregular position in some 
eases. The style is really produced from the aiK>x of the eariK‘1 ; but 
in various Rosacem, the ovarian part of the structure is so develoj)ed 
that it loaves the style on one side (lateral) (Fra^jaria^^^, 256), and 
sometimes even grows out and up so much that the style, then called 
hasilary seems to arise from the base (Alchemilla), In the lloragi- 
naceac and Labiatte a similar condition of the styles exists in a com- 
pound pistil; the styles in these plants are confluent, and arise as a 
solitary colunm from a deep depression in the centre of the 4-lobed 
ovary, communicating with the cells near the bast* jis in the Kosaoem 
referred to. These* stylos of Labiutac &c. are called giniohasic 
(fig. 205). 


Fig. 257. Fig. 25^?, 



229. ^e stigma is either situated at the end of the style or, 
where this structftre is wanting, it is sessik on the ovan*. Instanc 4 ‘s 
of sesmU stigmas are furhi8he<W)y the compound pistiJ.s ofpafyaver (fig. 
262), Kympha?ace®, &c., where the stigmas form radiating ridges on 
the top of the flattened ovaries. The clongateil sligmiitic surfaces on 
the inner sid^ of the beak-like points of the simple pistils of Ranun- 
culus and allied plants are almost to be called sessile stigmas ; and 
these form a transition to the long ^tigmatic ridges which extend down 
the inn^ sides of the styles of most Caryophyllace®. When it is 
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properly terminal it exhibits a great variety of conditions, both as 
regards composition and structure. 

It has been stated that the styles of compound ovaries are often ^ 
dMnct ; tlie stigmas are also often distinct on compound styles, in- 
dicJitiiig the number of constituent carj)els. Moreover these distinct 
stigmas are occasionally split down into two arms (^stigmata bicrxi^ 
rut), coiTcsponding to the two placentas below ; the one-ceUed ovary of 
(irasses and Coraposita? (fig. 264) bears a t a charmed stigma ; and the 
stigmas of the compound ovaries of Euphorhia and some Droserwnr^ 
double the number of the carpels. Sometimes the distinct arms of 
different caipels cohere, and form stigmas equal in number to the 
placentas, but alternating with them. 



Stigmas, simple or compound, when distinct, are either Ur-- 
minal, or lateral i in the latter case the stigmatic surface is on the 
ventral side. Their form is generally slender and thread-like, with 
a glandular stigmatic surface ; but in the Grasses the stigmas are 
feathery (fig. 257) or penicillate (fig. 258) ; in the Iridaceae they are 
potaloid (fig. 25t)), very much enlarged, as in /m*(fig. 260) ; and in 
other cases they are capltaU (fig. 256),i?oftc<^ (fig. 261),j^>e//iir^. mdiate 
(fig. 2(}2\fli fomi (fig. 263), linear (fig. 264), &c. In Ix^guminosm the 
stigmatic surface of the simple stylo is lattml (fig. 2(>5). 

Tlie orifice of stigmas leading to the canal of the stvle is more or 
less filled by the glandular ana capillary processes whiiSi clothe their 
surfaces ; and, indeed, to the naked eye, the caiial of the style does not 
appear permeable. * 
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231. The pi$tiU of Gynwospermous plants consist of scales or 

• Fiir. 2(W. 



Fiff. 2M. Flotr«»r of Lttzu/a, with filiform 

Pig. 264. Linear stigmas of ComiK).site pl ml, with papillose surfaces. 
Pig. 265. Ovary of ColitUn. with Inferttl sHgma. 

Pig. 266. Open e«ri>el of Pinw#, with two naked omles. 


ppm carpets, collected into cones, hearing ('xposcd ovules, so that no 
representative of the stylar or stigmatic regions exists 
here. Among the Conifene, and its allies have Jig* 207. 
scale-like carpels nith a pair of ovules on tho upper sur- 
face, at the base, (fig. tho structure is analogous, 

although the form of tho scale differs, in Thuja \ tho 
Cypress has peltate scales, with numerous ovtilos ; in 
Jnniperus each of the three scales has only one ( fig. 207). 

In Ta.rM.stho ovule is a solitary sttllctiire, a kind of free young f. nmif» 
ovule, growing out from the apex of a small cone formed 
of barren scales. In tho Cycadacem, Cpcas has largo th^fwm’tcrtn>* i 
leaf-like carpels, with numerous marginal ovules ; Zamla iI,‘^'Th.‘* nalTd 
has peltate scales, more like Ctipressm, with the ovules otuivi. 
pendent from the thickeneef summit 

By some authors what is above described as a naked ovule is thought 
to be an ovary. ^ 



Sect. 10. Pkodtjcts of top. EssPaXTIal 0ro.ix8 op Flowfrs. 

Ovule. 

232, Ovules are the rudiments of seeds, and arisi^ from the placen- 
tas, situated in the ovaries of Angiospermous plants (figs. 2o3-25B), 
and on the margins or surface of the open carpels of Oyranospermia 
(figs. 266, 267). They originate as cellular papillm at an early stage 
of development of the ovary, and acquire a definite form and structure 
by the tune the flower expands. 
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Ovules are usually regarded as a kind of bud ; not only do they appear 
in the positions occupied by adventitious buds, on vegetative leaves, as 
in Bnfophifllum (§ 109), but abnormal leaf-like carpels often bear bulb- 
like structures and foliaceous lobes, in place of the ovules, on their free* 
abortive-placental margins. 

233. The number of ovules in an ovary, or in ono cell of a dom- 
poimd ovary, varies between wide limits. Thus the ovule is solitary 
in the sinijdo ovaries of Hanuncuhts^ Rosa. Primus -45), &c., in 
the compound ovaries of Polygonaceae tfc., and in each cell of the 
bilocular ovaries of the UinbeUiferd 3 &c. ; the number is still small 
and dejinite in the simple pistils of many Lc*guminosic, in the cells of 
the compound ovary of Qaercus &c. ; in a verv' large proportion of 
comi)ound ovaries, whether unilocular or raultilocular, tie ovules are 
very numerous on each placentJil surface, and they are termed inch-- 
Jialfc, as in Primufiu Puparer^ Dlyitalis, &c. &c. 

234. A fully developed ovule is usually attached to the placenta 
by a short stalk, called the fimicuimy podo.^^^erm, or umhdlcal cord; 
where tliis stalk docs not exist, the ovule is sessile ; in a few cases 
the funiculus is very much elongated ( Plumbaginacete). 

235. Special terms are used to indicate the position occupied by 
ovules in tlie ovary, and more particularly their direction. If the ' 
placenta is at the base of the ovary, and the ovule, springing from 
that situation, points upward, as in Polygoiiacese and Composite, it 
is called enct; if it is attached at the summit, and hangs straight 
down, as in the Birch, Dipsacca?, &c., it is susj tended ; when the 
placenta is central or parietal, the o^mle may turn upwards and be 
asct ndiihj, may point straight outwards or inwards, and Ik* horizontal , 
or may turn downwards, and ]ye pendidous, lu Plumbaginacete the 
ovule is sus|>ended from the end of a long funiculus which arises 
from the base of the ovary iis in the erect condition. 

Where numerous ovules exist on a (Jcntitil placenta, it Is very common 
to find the upyk*r ones luwuding, the middle horizontal, aiul the lower 
pendulous, so that the dirt*ct ion ^becomes indetinite. 

23th The ovule arises from the placenta as a conical papilla, which 
soon becomes elongated into an oval body, thp nucleus^ raistNi on the 
stalk or funiculus. By the time the flower opens, the nucleus 
(tigs. 2GJ^~270, a) generally becomes covered up by the coats or enve- 
lopes, which originate as circuhur ridges from tire point where the 
funiculus is attached, and gradually* grow up over the nucleus. 
The coats do not completely close in the ovule, but leave an opening 
atats summit, called the micropyhy or fornnmi (figs. 26S-270, h). 
The base of the nucleus, whore the coats arise, is eaUed the chalaza ; 
the internal coat (the secumline of Mirbel) is the first forme<l ; it is 
denominated the inieffumentnm internum^ or the where only 

one coat exists, it is called the thUywmetUtAm simpUjc, The outer 
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coat, which grows up after the inuer (theprimi^ie of Mirbel), is 
called the iniegimentum externum^ or sometimes the testa. Home- 

Fig. 268. Fig. 260. Fig. 270. 


Diagraxamatio vertical aoctiona of ovalcs: r, the ntioh'ua; ft, the mieroiiylt*; c, ohaUwu; 

J, raphe. 

Tiff. 2^’^. An fttropoua or orthotrepons ovulf. 

Pig. 269. An anatropoua ovule. Fig. A ciHupylotropoiw ovule. 

times, as in JV^hvitsv?/ta, the priminc is prolongerl beyond the apex 
of the ovule in the form of a tube greatly resembling a stvb*. The 
orifice named the microp)jle forms a canal passing through botli coat.s 
down to the point of the nucleus; and the portions passing through 
the outer and inner integuments are often eallt^d, n^spectively. the 
exostome mi endosfqtne. The point where the se(‘d aft»u*\vards 
breaks away from the fimiculus Is marked by a sear, which is called 
the hilum. 

In the Mistletoe the nucleus is naked, no coat.^ being formed : in many 
cases there is only one coat ; most ovule.s of Monocotyledons have two. 

, The coats of the ovule are usually regarded as tbliar iu their nature, tin* 
nucleus as ajpal. 

237. The above is a description of the ovule of what may be called 
the normal form, such as we find in Pohjtjonam^ «S:c. : wliero the 
nucleus is straight and the micropijle is at the end opposite thC" 
attachment of the Jhmiculus^ and the clmJaza next the placoita. 
such an ovule is called straiglity or more technically atmpom or 
oriholropom 

Very frequently the /MniVw/it.'f crows, in a stat<^ of confluence 
with the outer integunv'^^ti ^^uring the development of the ovule, .so as 
to push up the base of the nucleiis until it is compli*tely inverU’d 
(fig. 269), and the micropyle {h) points to placenta, while the 
ehalaza (c) is at the opposite end; tMs is the inrerted or an(th*opom 
condition (ComjwsitaB, Papavqracejo, Liliactca),7)rchidacece, &c. «c.); 
and as the funiculus is confluent with the outer coat, the hiiam (the 
external ]^int of junction of the / m/kVm/u.? with tho body of the ovale) 
is left in its original position, and therefore close beside the inverted 
micropyle : the adherent portion of the funiculus ofUm forms a kind 
of rid^ extending from the biliun to the ehalaza ; this i.s termed the 
r^(£g.269,^. • 
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The inverted ovule is only a straight ovule with a long funiculus con- 
fluent with the dhter coat: in FumatM QDistaceae) the real condition 
often actually illustriftes this ; and in seeds formed from anatropous ovules 
the rapluj sometimes separates (^ZygophyUum), The position of the raphes 
with reference to the ovule vanes in different cases ; sometimes it is ren- 
tral or on the side of the ovule nearest to the placenta; sometimes dorsal; 
at other times lateral. 

231). A curved or camj^ otropou s ovule (fig. 270) is formed by 
tlie folding over of tlic nucleus upon itself iu the form of the letter U, 
carrying the micropijU (h) over, but leaving the in its natural 

vicinity to the hilum. Externally this ovule resembles the anatro- 
pous, except that there is no raphe. (Cruciferm, Caryophyllacese, &c.). 

240. Another condition more rarely met with is the horizontal or 
^ nvnl ft , intermediate betvreen straight and inverted, the 
aoncrent funiculus pushing up the chtUaza at one end, while the 
niicropyle descends in a (.'orresponding degree, until the axis of the 
ovule becomes horizontal, and parallel with instead df at right angles 
to the placenta. 

In the first instance all ovules are straight, but mostly become curved 
during the coui'se of their development. 

241 . At the time when the flower expands, there exists a more or 
less considerable sac or cavity excavated in the substance of the 
nucleus, the upper end of which sac is situated just within the apex. 
This cavity is called the embn/o-sac^ being really a sac or bag with 
a proper wall, within which the embryo or rudiment of the future 
plant is developed after fecundation. 

Tjh** phenomena of fecundation and of the early development of the 
embryo, together with the ininulijc of the anatomy of ovules, hre reserved 
for the Physioh»gical part of this work. 

The fuiliier morphological peculiarities of the ovular structures will 
fall best undesr the hea<l of the mil or completed product, previously to 
twamining which we must follow out the ultimate histoiy of the pistils 
and associated organs forming the/mV, in which the ripe seeds are mund. 

The FruiU 

242. Tho fertilization of the ovules usually takes place soon after 
the opening of the flowers, or siimetiracs even bi»fore their expansion, 
.During tho subsequent ehanaes by which the ovules are converted 
into seeds, tho ovaiy (and cwasionally other p&rta of the flower) 
und(*rgoes further development, mS becomes what is technically 
called thc/nuV. 

Generally the stamens and corolla, and not uncommonly the calyx also, 
fall awav or wither up after fertilization, and the styles, vnth the stigmas, 
mostly aisappear ; but the style sometimes persists, and even undergoes 
enl^ement, forming a kind of Hak or fail to the fruit, especially in simple 
fruits formed of one carpel (JtmHicfAaff dmnuUu^ figi 235), kc» 
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The calyx, when inferi^j remains in many cases as a loose cup or enve- 
lope surrounding the fruit (as in Labiatae, many Solanacem, fig. 291, &c.) ; 
or, when superior j iU segments, enlarged or withered, form a kind of crown 
to the bruit (Compositfc, Campanulacem, &c.), and the tul)e8 of adherent 
calyces always enter into the composition of the inferior fruits (tigs. 21Hi- 
303).‘ In some cases the calyx and the corolla, in other cases tho 
receptacle, become blended with the ovarv or ovaries to form the fruit ; 
and a still more complex kind of fimit is tbrmed by all the flowei-s of an 
inflorescence becoming conjoined into a common structure during the 
ripening of the seed, so as to form a collective fruit, such as occurs in tho 
Pine-apple (tig. 307), Midben-y (fig. 300), Bread-fruit, the Fig (tig. iiOo ), 
cones of Firs, kc. 

Considered as developments of the carpels alone, many fruits in their 
mature condition depart widely in appearance from the ovaries from 
which they are produced, Uie morphology of fruits exhibiting perhap.s 
more remarkable cases of actual metamorpliosis than any other parts of 
plants. Hence it is often difficult to judge from a fruit what Kind of 
pistil the flower has possessed, and the structiue of fruity can only bo 
understood by a study of their progressive development from the imma- 
ture to the mature condition. 

The most important source of change is the suppression of chambei*s or 
loculi of the ovary, together wnth the abortion of ovules. Thus th<» fl»>w»‘r 
of the Birch has a two-celled ovary with one ovule in each cell ; but i)ne 
cell with its ovule is constantly abortive and almost entirely disappears in 
the fruih In the female flower of tho Oak there are three cells, each with 
two ovules (fig. 271) ; but only one cell is found in \he ripe fruit, and this 
is filled by one solitary remaining seed, as we find in the Acorn. In the 
Lime there are several cells in the ovary, but generally all but one art* obli- 
terated in the fruit (fijj. 272) ; and similar cases are by no mciuis uncommon. 
Ilf these erases the dissepiments, called in the fruft septa, art* not broken 
down, but pushed to one side and obliterated by the pres.siire exercised by 
the developed seed. 

On the other hand spuriotis partitions are sometimes formed, as in 
Datura Stramotiiufu, which has a four-celled fruit derived from n tw<»- 
celled ovary ; and in the pods of Leguininosa? cross partitions are often 
produced between the seeds. 

The original conditions are frequently .still further (lisfiguix‘d by tho 
alteratioiLB in the texture of the coverings of the fruit, next to be descfilml. 


Fig. 27i. Fig. 272. 
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243. The wall ” of the fruit is the substance formed from the 

carpels, or (when present) from the other component structures 
(§ 242). It constitutes the case enclosing the ripe seed or seeds^ 
and is called the The pericarp is of very diflPerent structure 

in ditferent fruits. When the fruit is mature, it may be dry, 
hvanovu^^ leathery (coriaceous), or woody, or succulent; or succulent 
externally and woody within, or, vice versa, succulent internally and 
woody or leathery outside. 

The pods of common Peas, the capsules of Pinks, Poppies, &c., afford 
examples of a dry membranous pericarp ; the Flags have a leathery peri- 
cai-p ; the common Hazel-nut, Acorn, capsules of the Mahogany-tree, &c. 
liave a woody pericarp. The pericarps of the Orape and the (fooseberry 
are mceidenL The Plum, ( 'herry, are succulent externally and woody 
within ; the Orange, the Pomc^anate, the Ihimpkin, &c. are succulent 
within and leathery or horny outside. 

244. ^Vhon i\\e pericarp is uniformly membranous or woody, with- 
out distinction of layers, no subdi visional terms are applied to it. 
The same holds good in respect to the simple succulent ptericarp of 
fiueh fruits as the Graj»e and (gooseberry. AVhen there is a distinction 
into layers, formed by a gradual alteration of the texture of the inner 
and outer parts during maturation, tve distinguish between an epi- 
carp and an endocarp, as, for example, in the Plum, Cherry, Walnut, 
&c., where “th'el^lsli succulent epicarp, and a woody endocarp forming 
the “stone;’’ the. “core’’ of the Apple is a membranous endocarp. 
When a fruit, such as the Grange, Pomegranate, Litchi, itc., is firm 
externally, with a leathery or woody cpicarp^ and a succulent endo-^ 
carp, the latter is generally derived from development from the phi^ 
cental regions. In common “ stone-fruits *^ the two regions are often 
distinguished by the names sarcocarp (or pulp) iiwd putamen. In 
the Date (iig. 2S0) the “stone” consists of the albuminous seed, 
which is invested by a siiceiilent poricaq). In other Palms, such as 
Areca, the pericarp is fibrous. In bard- rinded succulent fruits we 
have an internal mrcocarp enclosed by a cortex* or rind. 

Many authors, following Ib'Gandolbs divide the pericarp into epicarj^ 
tnesocarp^ and endocarp. It may be ohserteti here that the distinction 
between endocarp and enicarp, iii the connnon .‘^one-fruits, arises entirely 
during the ripening of the fmitr the two regions are originally alike and 
undistinguishable ; it is well known that the easy separation of the pulp 
from the atone is a sign of ripenass, • 

245. Some fruits, more particuUirlf the sttcculent kinds, but also 
many dry fruits, do not burst to dischuige their seed or seeds when 
riixj ; these are called indchiseaxt fruits. The pericarp rots away, or 
is broken irregularly or perforated when the seed germinates. Most 
dry fruits, more particularly those formed of more than one carpel, 

• burst* open or separate into pieces in a regular manner when mature^ 
and are consequently dekistenU • 
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246. Dehiscence takes place generally by the separation or splitting 
of the sutures of the carpels in a vei*tieal direction, or by the disunion 
of coherent carpels, or by both together. The parts which separate 
fix this way are Ciilled values ; and this mode of bursting is termed 
SHiiiral or valvular dehiscence. Sometimes the valves only separate 
for a certain distance from the summit, forming little segments or 
teeth (tig. 273). In a few cases the dchiscejice is porous, or by 


Fig. 273. Fig. 274. Fig. 275. 



Fiy. 273. Bnr«t oapsalt* of Cera*fium. 

Fij(. 274- Capsuh* of AnaffaNu*, opening bv circnmsrissile dehiBCt'niv. 
Fig. 275. Burst fruit of liihiuat (^Star AnUe). 


pores or orifices formed in the walls ; in others the upjx'r eml of 
the fruit falls off like a lid, by transverse or circumscissde dehisctnce 
(fig. 274). 

247. When the dehiscence is valvular the fruit is named bi-, tri-, 
multivalvubir according to the number of valves or pieces into which 
it.spte. This mode of dehiscence is subject to several modifications, 
according as the splitting takes place through the dorsal or through 
the ventral suture, or through both at the same time. It is still 
further complicated by the circumstance that the plaeeiitiis sometimes 
remain attached to the valves, while at other times they break away 
from the valves, as in the condition called ^eptifr^jal, 

A few examples may be here given of the various modes in which 
" valvular dehiscence is effected ; and the student will find the subject far 
more readily intelligible if he refer to some collection of seed-vessels where 
the fruits aVe correctly named. In the cose of siinp/e or of af>ocm^j>iyus 
fruits, vahnilar dehiscence takes place a, through the ventral siitim*, ns 
in the Columbine (Aquilei/ia), the Star Anise (Jlliciwn^ fig. 275); or. 
through the dorsal suture, as in MacpioHa : or, y, through both siitur<»s at 
the same time, as innhe pod of the pea and other lAJgurainous plants (fig. 
288). In this latter case there ye two valves, hut only a single carp#?!. 

In one-celled s^nmrpom fniits, where the compmi nt carpels coliere bv 
their edges which are not infolded, dehiscence takes plac#? a. through tlm 
ventral sutures, when the placentas are found on the margins of the valves, 
as in Gentians, each valve in this cose representing a carpel ; through 
the dorsal sutures, when the placentas will be found in tho middle of the 
valves, as in the Violet Instich fruits each valve consists of two 

half^calpels eomhined tcigeiher. In the Grchidacefe the capsules dehisoe 
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in the manner last described, with this further poculiarity-~that the valves, 
bearinj^ the placentas in the middle, separate from the midribs or doml 
sutures, lenvin*,^ tlieseMalter attached together at the top, and thus forming 
an open framework supporting the remains of tlie perianth. • 

In many^celkd syyicarpmts fruits, where the sides and margins of the 
component carpels* are infolded, dehiscence taken place ^ 

throimh the d(^rsal suture, so as to open the loculus or cavity of the carpel 
from behind ; each valve in this case represents two half carpels (figs. 277, 
278) ; or, jSf, sept icidaU \/y through the septa, as to isolate the previously 


Fig. 27G. Fig. 277. Fig. 278. 



Fiij. 276. fruit of (»Vr<iuM4m, th<* tailed wjrri »e|>aminf; eladticalJr fr*>m tho ci»rp<^'hox^. 
Fi*;. 27". IhiMt c*up«iil<> <*f nith Icx'uHo'idal deliitkvnoe and scpiioidal »i‘i>aratiQn of the 
j>la<‘«*nt<»9 Ht th«‘ Nut\ir<‘«. 

Pig. 27^. Th<* in ctom wt'tlion. 

combinoil carpels (fig. 270). Each valve in this case repre«aife aif^ntire 
car]>el. In .‘<ome in.^taiices, as in lTmbeUifi.rtrj Iknl.straw, Ga^ium^ the 
caqu'I.H merely Hcpanite in this manner, one frimt the other, without opening. 

In such a ctv^e the teriii is einnloyed to de.sigpate the whole 

fruit, wiiile its constituent carpt'h are calh*d c()cn\ or sometimes mericarpi, 
More frctjuently the caqiels not only separate septicidally from their 
fellows, but etich one burst.**, either tlmmgh the dorsal .4utui«,as in f?eni- 
wiw/u (fig. 273), Httphorbia, or Xhroii^li the ventral suture, as in Coichmtm. 

Thus septicidal and loctilicidal dehiscence niav occur in the same fruit, 
as in the Foxglove (I>ipftaii$),Xhe capsule of which first dirides into its con- 
stituent carpels septicidally, and afterwards each carpi'l splits loculicidally 
into two valves ; ine four valves so produced reftw>s<*ut each a half-carpel. 

Iloth the loculicidal and septicidul mcHles or dehiscence an^ sometimes 
associated with what is termed "^his occurs when v 

the or partitions bearing the jdiiceJitas are bniKen across ; the ehbet 
of tins is that the valves break aw*«y fiauu the plactmtas, leaving part or 
the whole of tlie latter standing in the centre of the fruit on a kind <if 
Cfduinn, as in Andromeila^ Convtdrfdus^ Hhododmdrm^ Suptijrayal 
dMnamce takes place by itself in the sih'gtm or pods ot Cnicifene, ’where 
the valves separate front the parietal placentas, leaving them in the centra 
supporting the ovules (figs. inl2 & 2U;j). 

248. DehUeence &y teelAsnly diflbrs from that by valves iathossiallar 
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degree of separation. The fruits or secd-Yessels of Caryophyllaceaj 

dehisce by teeth. Sometimes the teeth arc in number to the 
^carpels, as when the dehiscence is tliroiigh the ventral sutures only 
^{Lychnis); sometimes double the number of the carpels, when the 
splitting takes place through both sutures (Diantlius). 

249. Porous dehiscence arises from the formation of orifices in 
the walls of a dry capsule, allowing the seeds to escape. In the 
Poppy {Papaver) a circle of pores is formed round the ui)per edge of 
the fniit, just beneath the stigma ; in Antirrlumun and Linaria there 
are two or three orifices near the summit of the capsule ; in some 
Campanulas a pore is fonned at the base of each cell. 

In all these cases the orifices are formed from thin sjiots in the walls, 
which tear open, tlieir tnlges curling back in more or b‘ss regular t<M*th : 
the dehiscence of Antirrhinum is connected by that of Strophularia^ 
tah\ kc.f with the dehiscence into a crown of teeth as in Primula and 
CaryophyUaceffi. 

250. Transverse^ or circnmscissik ilehisvencef observed in the mem- 
branous capsules of Ihjoscynmvs (fig. 291), AnurfaUis (fig. 274), 
Plantatjo^ d:c., and in the woody fruits of Ui tjthis, arises from a 
transverse fissure running round the wall and splitting off the upper 
part of the fruit like a lid. 

A dehiscence analogous to this occurs in the lomenta of various 
Leguminosm, which break across betw'con the seeds. 

In these casesr a kind of articulation is produced, by the tissue of the 
pericarp remaining more dedicate in the line of dehiscence, that it 
oecomes tom bv the hygr(Uiietric contraction or expansion of the firmer 
parts above and below, after the fruit has btxrome inatim\ 

251. The apex of dry fruits is marked by the position of the stylo 
itself when jKwsistent (fig. 2^5 h), or by a scar indicating the place of 
separation. The axis of a compound fruit is commonly an imaginary' 
line; but in Umbellifera' (fig. and Ueraniacem (fig. 270) the 

V carpophore forms a true axis, from which the carjicls separate in 
dehiscenco. 

252. Dehiscence does not usually take place until the seeds are 
ripe ; but in Mignonett<4 the upper end of the ovarj^ o|)eii8 long before ; 
in Leontice thdlictroides the ovary bursts vety early, and the 8ee<l 
ripens in a naked condition. In Impatiem and some other plants 
dehiscenco takes place suddenly with considerable force, the valves 
separating and rapidly curling up. In Flaterium the jKKlunclo 
separates in a similar sudden w'ay from the rirK* fruit, and the seeds 
are forcibly ejected. 

253. In Oymnosperms there is of course no proper dehiscenco ; but 
in most cases the carpellary scales of the female cones, which are 
separate to some extent daring fertilization, frequently close up 
tc^ether so as to form an apparently solid body while the seeds are 
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ripcniDg, as in Pinw5, Cupressm, Thuja, &c. The scales open again 
when the seeds ar^) ripe, and in some cases separate from the axis. 
In Juniperus the scales become succulent, so as to form a berry- 
like organ. In Taxus the solitary ovule is ^ways naked ; and during* 
the ripening of the seed a succulent cup-like envelope grows up 
round it. 

2»54. The forms of perfect fruit are distinguished by technical 
names, and in defining them it is dcBira]jlc to classify them in some 
way. The classification which conveys the greatest amount of in- 
formation is that founded primarily on the construction of fruits. 

The miiltitiido of names which have been invented, the vague manner 
in which many of these Imve been used, added to the not uufrequent 
polymorphism of fruits williiii the limits of single Natural Ordei^s, render 
a satisfactory classification of fruits almost impossible without naming 
them all afresh, and defining them aceordinix to their mode of develop- 
ment as well ns their perfect cniidition; and this, after all, would neces- 
sitate a tenninology too cumbrous for use in Descriptive Botany, for which 
the names and definitions are chlefiy n‘quired. 

ioij. Fruits may bo divided first into fm or monothalamic fruits, 
formed from single ttowers, and confluent fruits, formed of the blended 
flowers of an in florescence. The term pohithahimic htis been con- 
veniently applied to frpits of this latter kind. 

Free fruits may divided into:— 1 . Apucarjunis fruit the 

constituent car]>el8 arc sei)arate. fonning («) simple fntits when the 
carpi is solitaiy, (h) multiple fruits v:]\on more than one is found on 
the same rccejitacle; 2. Hffncurpous fruits, formed of compound 
ovaries, and consisting of (a) sujHrior fruits when the calyx is free, 
and (h) inferior fruits \yhvn the tube of the receptacle or of the calyx 
is adherent. 

Confluent f mi ts require no corresponding subdivision. 

Almost all of the above gnmps an* again divisible into dry and wee*/- 
lent kinds; this divmity is so spiTial, ocourriiig between nearly allied 
gent ra in tlie same Natural Orders, that it s<‘ems unadvigjible to nieke it 
a basis for any of the main sections. Mmles of dehiscence and absence of 
dehiscence characterize sulwrdinate kinds of diy fruits. 

256. ITio following clasaification is a slij!:htly modified form of 
that established by Dr. LindUy. In it all or nearly all the forms 
described by various authors tire enumeratixl, but.eomparatively few 
are in general use. Home of these will be found more friUy described 
in subsequent paragraphs:— * ♦ 
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Classification of Fruits. 

• A. Free or J/ofiothalamir Fruits, 

I. Apocarpous, composed of* distinct simple carpels. 

♦ Simple inonocarpous fruits (formed from solit/iry carpels). 


t Pericarp formed from the ovary alone. 

J Pericarp uniform.* 

' One- or few-seeded. 

Pericarp homy and indehiscent . Achcrnium, 
Pericarp membranous, sometimes 

dehiscent Utricuhis, 

; ’ Many-seeded. 

Dehiscent by the ventnil suture . FoUicuIus, 
Dehiscent by both sutures . . . Le/jiunen, 

Indehiscent or articulated trans- 
versely Lohuntum, 

Xt Pericarp of two or more layers. 

Epicari) fleshy, endoc.'irj.) bony . Drupa, 
tt Pericarp formed from the ovaiy and ad- 
herent floral enveloi>e3. 

Dry, indehiscent I>ichvum, 

Fleshy t<2^h(iltroear2*lutn. 


** Multiple or {)olycar|>ous fruits, formed of 
an assemblage of distinct carpels, 
t Free. 

Pericarps distinct, dry (achcFnia) or 


fleshy (drupes) Et^rio, 

Pericarjxs ultimately more or less cohe- 
rent SpticnrjnHm. 

ft Enclosed in a cup-like fleshy recci>tncle. Vyuarrhodum. 


H. Syncarpous, composed of combined carpels. 

* Supiirior. , 
f Peri^rp dry. ^ 

t Indehiscent. 

One-celled, one-seeded, pericarp 

adherent to the seed .... Caryopsk, 
One- or many-celled, winged, peri- 
carp not adherent to the seed 
or seeds ... * Samara. 



CLASSIFICATION OF FBUITS. 


139 


ft Dehiscent. 

e Separating into indehiscent cocci . 
Separating into dehiscent cocci . 
Separating into two pseudo-fol- 
licles 

Dehiscence transverse . . . 

e * ® ® ® Dehiscence valvular or jjorous. 
© riaccntas parietal in a two ( clled 
ovary. 

Linear 

Short and broad 

0© Placentas axile in two- or 
many-cellcd ovaries, free 
central or parietal in 1 -celled 

ovaries 

t“t Pericarp fleshy, indchiscent. 

X Pericai’p uniform 

ft Pericarp of two or more layers. 

Lpicarp coriaceous or woody, endo- 

earp fleshy 

Lpicarp fleshy, forming a spongy 
rind ; endocarp pulpy. . . • 

Inferior, 
t Pericarp dry, 

f One-eellcd by supj»ression, indchiscent, 
w'ithin a cujnilate involucre . . 

ft Genuinely one-eclh*d and one-seeded, 

often w'ith a pappus 

Two- or maiiy-celled. 

So|mrating into indchiscent cocci . 
Dehiscing by viilvcs or jH>res . . 

tt Pericarp fleshy, at least within. 

t Pericarp simple, seeds more or less free 

in the pulp 

Pericarp of two or more layers. , 
e Epicarp fli*shy, endoeaq) parchmeiit- 
like or bony, indehiseent . . 

ee Epicarp fleshy or fibrous, endocarp 
bony, dehiscent . •. . . . 

Epioarp horny or crusta<‘eous, 
endocarp fleshy. 

One-eelled, seeds on pulpy parietal 

placentas 

Many-celled, seeds with a pulpy 
coat 


Carcerulus, 

Hegina. 

Comeptdculuni. 

Siliqua. 

Silicula, 

Capsula. 

Nuiculcinhm, 

Arnphisarca. 

Hesperidiurn. 

Ghnis, 

Cremoc/jrjuvm. 

Diplotojia, 

Bacm, 

Pmwm, 

Ttyi^a. 

Pepo* 


BahifSta, 
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B. Pohfthalamk or Confluent Fruits, 

X ANorospEiiMors, formed of closed orarics. 

Pericarps of the constituent dowers hiurd, im- 
bedded in the fleshy axis of the infloTeseence. Syconus. 

Pericarps of the constituent flowers succulent 
and confluent with each other and some- 
times with the axis of inflorescence . . . Sorosts, 

II. GriixospEKMors, formed of open carpels. 

Constituent carpels sciilo-like, imbricated in a 
conical group Strohllus, 

Constituent carpels peltate and forming a 
globular head Galbulus, 

The above classification is far from satisfactory : for students* pur- 
poses it is too complicated: and, moreover, in practice the majority or de- 
scriptive botanists, tiuding it next t(» impossible accurately to classify all 
the varieties of fruit they meet with» content themstdves with the em- 
plo}Tneut of a few well -understood tenns applii'd nu^re g^merally than is 
the case in the foregoing scheme. In tin* following paragraphs those 
terms which are in most frecpient use are printed in larger type, those not 
in general use are in smaller type. The student with a ripe fruit before 
him is mainlv concerned with the frnit in its existing condition; an 
arrangement founded on the peculinritios of the transitional stages be- 
tween the immature pistil and tiu^ ripe fruit is necessarily embarrassing to 
him, since, as a rule, lie has only limited means of avseertaining for liimself 
the course of development. This, however, may to a gre^at extent bo 
understood from a mere comparison of the pistil with the ripe fruit. 

Shnjile Fruits, 

>' 257. The AeJicrnium is a smfdl, flry, indehiseent, one-sceded peri- 
carp, tipped with the remains of the style, and with the see<l free in 
the interior, except at the point of attachment. 

This fruit is rartdy found solitary, as in Afchemith i it usually fonus 

Fig. 2^. 



Fif. 370. AebiMkiaTn nf Sanun^ivif ctit T#*rHcnnjr to ihotr the 

Fig. 2SO. a«ctioD of the dntne of thw Djrto (PJknijt Jattglifera) : th« perionrp: jr, thi* 
ombryo hnbcfadea hi th« bornr stbomen. 

Fig. 281 . Cifdo of folbelet of Smpervhum. 
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part of a multiple fruit, as in llanunculua, Clematis, Geum (%. 285), 
«fcc. Acbfeiiia are popularly mistaken for seeds, from wliicli they may 
be known by the styhvr beak, and by the seed lying looseinside. 

Tlw term acbnenium is often applied to the halves of Umbelliferous’ 
fruits, the cocci of Mallows, the nucules or nuts of Labiatae, &c, (the car- 
cerule of some authors) (lig. 2iK)), and to the cypseli© ” of Compositae. 

258. The Utricukis . — This differs from the acluenium chiefly in the 
membranous character of the pericarp, and in dehiscing sometimes by a 
transverse slit it is found in Chenopodium^ Amarauthus^ &c. 

25i}. The Diclemim only differs from the utriculus in having the indu- 
mted perianth adherent to the carpel, and forming part of the shell (Jft- 
rahilisy ^als<da), 

2()0. The Sphalerocarjnum resembles the preceding in structure ; but the 
complex pericarp is fleshy, forming a berry-like body {Ifippophue, Bli- 
turn). For pmctical purposes this is best classed as a berry. 

1^01. The Drupe is a one- celled fleshy fruit, represented by stone- 
fruits formed from a single pistil, such as the Cherry, where the 
stone is formed by the inner part of the pcrieaq>, and the pulp by the 
outer part. 

In common stone-fruits the dnipe is solitary j but minute drupes formed 
on the same plan art‘ asst^mbled together on the receptacle in the etierio of 
the lliu^plKUTV and Blackberry (tig. 2^^3). The term drupe is often im- 
prop<?rlv anplied to the comixmid stone-fruits, like the Cocoa-nut &c., — 
or to tlie Bate, wliere the stone* is formed by the shed alone, and the 
pulp by the jiericarp (tig. 280 ). 

•-2G2, The Fullkle is a simple pod, splitting down the ventral suture, 
and bearing the numerous ovules on its margins. * 

This randy occurs solitary', but mostly combined with others in a circle, 
as in AquUeifia^ iVo«fVi,^w(/icrr/c«w(fig.2fel ),&c.; and they art? iht'U often 
coherent at the base, so as to form a transition to the s^ncarpium. The 
pair (jf follicles (('oncejdacula) of Asclepiatlacem have their placentaa de- 
tached when they del^sce, so os to set the seeds free. 

-263. The Lerjume is a one- or many-sceded simple fruit, usually 
splitting into two valves, with the placentas on the margins of the 
ventral suture. 

• 

In most cases the legume is elongate<l and pod -like (^flg. 282), as in the 
Pea &c. ; but sometimes it is curveni or even spirally coiled like a snail s 
shell, a» in Medicago (!ig. 28S ), or lobed and kimtted, as in Acacia (fig. 284). 
In Astragalus a spurious sutural septum is fonned by projection inward 
of one of the sutures (fig. 252). • 

-264. The Lomenttm is a modification of the legume, either wholly 
indehiscent, or constricted into joiats b<?tween the 8<^s and some- 
times falling to pieces in these situations, as in Ornidtoptis, Desmo-* 
ditm, In the lomentum of Cassia (o. g. Ctmia fistula) there are 
many false cross septa. • 
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Multiple Fruits. 

265. The Ekerio is formed either of an asscmhlago of achmniu on 
a dry receptacle (liamiuculusy Qeum, fig. 285), or on an enlarged 



Fig. 2^2. of Pen, burst 

“Fi^ Curled legume of Ifriiica^o saika; 6, of Mfdicago wbiculiiri 4 » 

Fig. 3S4.*«IiegtiiDe of an Aeacut. 


pulpi/ recepfacle. Strawberry {Fratjaria), or of a collection of small 
dmpes'on a dry or spongy receptacle, Black})erry (Itubtis, fig. 286). 



. Fig. 2^5. Dry etmrio of Otum^ cat vertically (a) t« show the altoclLment of the cofnpoa«nit 
acb»aia(&). 

2$A. Ptiipy etono of Blackberry (Su^ut) cut vertirtUly» showing the spongy rcct'pUcle 
covered with little drapes. 

The circle of follides in Aquileyia^ Dehhiniumj &c. nearly approaches 
this, aadq also the fnfits of Winibere® {luieium^ tig. 27*1). 

fi66t Th4 Swicff^ium is formed by the confluence into a solid mass of 
the OAipels of a multiple ovary with slender receptacle (Anmtaf Mag* 
mUa). 

367. The Cgnarrhodum condsts of a succulent outer envelope, formed 
of a c^Hkarecentaele (acjikirdmg to^me, of the tube of the calyx), with 
numeioiii aiduania lijiihg the waOs Oalgcanthus), 
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Compound Fruits — Superior^ 


^ 268. The Caryoplis is the one-seeded fruit of the Grasses, com- ^ 
posed of two, or rarely three carpels, which form a dry pericarp in- * 
separable from the seed. In practice it is hardly recognizable from 
the achcnc, except in the last-mentioned characteristic. 

^269. The Samara is a two- or more-celled, few-seeded, diy, in- 
dehiscent fruit, which has a membranous wing or wings developed 

Fig. 288. 


Fig. 287. 




Fi(?. 2^*. Double siaznara of the Mnple (A^). Tig. 2?»?. Samara of fhe Elm ( Vlrr,u4i campesiri*), 

from the pericari)— as in Acer (fig. 287). Chntfs (fig. 28^), and the 
little fruits of the catkin of the llirch (fig. 2h9). Practically this 
may be regarded as one or more achencs with w’inged pericarps. 


270, The Career aim is a dry fruit 
fennued from a inauy-oelled oVary, 
the carpels of whii h separate when 
ripe into indehiscent fbw-seediid 
cocci, Tlie term schiz(K'iirp is some- 
times applied to such a fruit. ^ 
This fruit occurs in varioifs mo- 
diticutions, in 3/r//r«, Tropecofum, 
Bonigiuw!ea3 (fig. 290), l.>abiata?,&c.; 
the cocci are sometimes callea ww- 
cutcA, and are often regarded as 
achenes. 


Fig. 280. 




Fiif. 2'^9. SamWoid fruit Birch 

Fig. 2d0» P«'‘r8i»U‘i)t cal VK of a 

ulnnt » oi*en<^ to show th«* car»'crti- 
10 * fi>noed of fou» imiehiaoont ewr- 
[x'U. ieporating from eeoh other. 


271. Tlie Fspnia difiers from the forepnng chiefly in the cocci being 
individually dehiscent, as ifl Fitphorbuty Ommiumy kc. » 

In Geranium the cocci reiuain attached for i time* by, the persistent 
beak-like, segments of the stvle to the of a carpophore, the beaks 

often coiling spirally (fig. 27^. 


272. The Coftce^jiaeulum is formed by a two-celledj manv-a^ed ovarv, 
separating into two dry folliculkr valv^,5n which the seeds li^ loose. It 
miiy l>e described as a pair of fcUiclea. Examples may be met with in 
Asriepiads. - 

-^3. The PpTis is a one- or*more*ceIled, many-Jieeded fruity the 
upper part of which falls off like a lid by circumscissilo dehiscenoeii. 
as in AnagaUis (fig. 274), ifvoscjgrr.tite (fig. JjstifihtSy ic. It 
differs from the capsule merely ik its tarausvem ddhis^ce. 
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274. The Sthqua . — This is a two-valved linear pod, tho valves of 
which separate septifrag^ally from a kind of frpme, with a more or 
^ less perfect false septum (replum) stretched across it, tho {parietal) 
placentas being attached to the frame, as in Simpis (fig. 292), Chel- 
ranthiis, Matthiola^ &c. 



Pig. 291, Prria of enclosed in the dry calyx. 

Fig. 292, Borst ailiquA of Sinapw, the valrca separating from the sutures supporting the 
replum. 

s»- 293, Ban»t siliole of T%ta*pi, 

Fi^ 294, Indehiscent fruit of Imtis: a, entire; b, a cross section. 

275. The Silietda (diminutive of the last) is merely a short and 
broad siliqua, often most expanded in the direction at right angh^ to 
the replum^ the valves sometimes winged — Thlaspi (fig. 293), Cap- 
Bella, &o« 

When the replum i.s imperfect, it i^ said to be fttmirale if slit ; or it 
may be destroyed altogether. Some siiiquas and siliculas do not burst 
by valves — Crmnhe, lia})hanm, Tedtis (tig. 204), &c. 

276. The C^via includes all the remaining kinds of dry fruits, 
membranons or woody, formed of one-celled or many-celled compound 
ovaries, which dehisce more or less completely by regular valves, 
equal in number to or double the carpels {Irh, Colchiciim, Caryo- 
phyllaceae, Digitalis, Primula, d:c.), or by porew {Antirrhinum, Pa- 
paver)^ Its mode of dehiscence may be septicidal, loculicidal, or sep- 
tifragal. (See §247.) 

V 277. The Ku^emum, or Uva, if a superior pulpy fruit, the flesh of 
which contains several seeds, and i^enclpiM — merelv by a membrane as 
in the Qiape^ where the seeds are loose in the pulp, ana mtantm (fig. 295), 
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AtropUf kc.y where the axile placentas persist^ and 
less distinct cells within the pulp. This is usually 
regarded as a ** 

278. The Amj^lmarva is a compound many- 
celled superior tmit, with a woody or indurated 
shell enclosing an internal pulp {Adanmnia, CVe- 
scentui). 

27U. The llesj^eridium is a many-celled superior 
indehiscent fruit, wilh'la, spongy or leathery ^rind, 
and nn internal pulp formed from the tissue lining 
the loculi, as in tlie Oran^. This is generally 
described as a fonn of Berry. 


there are two more or 


Fig. 295. 



Nuculaninm, Uva, or 
wijK'rior b<*iTy of So^a- 
nuniy cut across. 


Compound Friuts — Inferior, 

" 280. The Tiyma resembles a dru|>e, but is inferior ; it has a fleshy or 
fibrous epicarp and a bony endcxjai^, and is spuriously one-celled and 
one-seeded by abortion of the remaining cells and ovules. Tbe epicarp 
is fleshy in the Walnut, and the bony eudocarp splits into two valves. 

'-281. The Gians is a hard, dr}*, indehiseent fmit, spuriously one- 
celled from suiipression, usually one-seeded, seated in a persistejit 
involucre forming a cupnle. In the Acorn and Hazel-nut there is 
a single gland in each eupulo or cup, while in the Beech and Chest- 
nut there are several. 

The ovarv of the Oak is n-cellod, with two ovules in each cell; but 
two cells with their ovules, together with one ovule of the fertile cell, 
are suppressed, and the wall of the ovaiy is converted into a bony shell, 
complt*tely lilltal by the remaining seed. The ovary of the Birch is also 
il-celleil, that of the Hazel 2-celled, that of tlie Chestnut 3~8-celled ; ancT 
similar suppression takes place. The inferior character of the fruit is 
marked, especially in the (liestnut, by the reinains^of the teeth of the 
calyx on the suinniit. In the Acorn the gland is naked above, seated in a 
cup; in the Hazel the leafy cnpiilo envelopes it; and in, the Chestnut and 
Beech the spiny cupule euclose.s seveml fruits. 

282. The Cypse!a is a oiie-seedod indehiscent inferior fruit, developed 


Fig. 290. Fig. 298. 



Fig. 296. Cyi>teU of • Fig. 297. Crpaelo of 

Fig. 296. Ojrpoel* tUced TOtilcMlr, to show Uu» teoa wUhin. 

B 
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'*'291. The Sfrohihis, or Cone, is the characteristic fruit of the 
Gymnospenns, consisting mostly of a conical or ovate mass of imbri- 
r cated scales, with seeds in their axils (or on their borders, Off ms), 
each scale being the development of a single carpel, representing a 
female dower (Pinus)» 

^ 292. The Galbuhis is a kind of cone mth few scales, which have 
their heads thickened and forming the periphery of a somewhat 
globular mass, dry or sometimes succulent (^Junq)erus). 


The Seed. 


293. The consequence of the fecundation of the ouilc is the de- 
velopment of an embryo in the embryo-sac (§ 241) ; and during the 
jfiiaturation of the fruit the ovules arc perfected into seeds, the essen- 
|tial character of which is, that they are independent reproduetive 
bodies, containing an embryo or rudimentary new plant at the lime 
'vAen they are cast off by the parent (fig. 3U9). 


Fig. 308. 



Fig. SOS. Section of an Umbollif* rous flow«T. .showing t!i«' in jfiiu, i*nch containing; 

an em>>rjo at the U}»p»;r end, ih albnna ii. 

Fig. 309. Seed of Ca»tor-oil plant , Rictnuju) : A. v i-w . /i. vrrtical M^Hion : •i.hilum ; 

b, micropyle. with an ariU'nie around •• : c, rnp.'n', h ading to (d) the eknhua: e, 
ttmbryo, with foliaocous coty(ed<t'n$, and radicU j[x>intin(|' to thi* micrupyte; 
tperm or albtimen. 


The seed remains attached to the j)lacenta of tlie fruit, until 
mature, by the funiculus 234), from which it ultimately separates 
by an articulatioA, so that a scar ib left, called the hilum (§ 230). 

294. The direction and positirm of the scf^ds in the cells of the 
fimit, as well as the modes of cun^aturo, iridicat« d externally by the 
relative positions of the hilum (fig. 309, a), micropyle (/>), chaluza (d), 
and raphe (c), are the same as in the ciise of the o^lo ; and the same 
terms (§§ 237-240) ue made use of in dcscrilung their peculiarities. 

The face of a seed is the side qr edge turned towards the placenta 
from which it arises* 
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The direction of seeds inav differ from that of the ovules, by alteration 
in the shape t)f the ovary, af30rtion of ovules, &c. It may be noted that 
anatropous ovules noriually have the raphe next the placenta if ascending 
or suspended^ so that the raphe indicates the face j but by irregular deve- 
lopment of the pericarp this condition may be reversed m the ripe fruit, 
as in liantfnculns. 

295. The seed consists of the proper hodg of the seed and its integu- 
ments, to which ill some cases are added appendages of various kinds. 

The body of the seed is sometimes called *the nucleus j which leads to 
confusion, as it occupies the same position in reff^rence to its integuments 
as the nucltMis of the ovule, but is hy no means always identical wdth it. 

299. The outer coat of the seed, called the testrif completely en- 
closes it, marked, however, by the microscopic orifico of the niuro^ 
Plfle, and by the hllmn, or scar of the funiculus. The testa preseatu 
the great (‘.st possible variety of conditions of texture, from membra- 
nous, horny, woody, or bony hardness, on the one hand, to a leathery 
or soft, puli>Y condition on the other. The dry forms frequently 
exhibit l>eauti fully n‘gular markings, such as minute ridges, reticu- 
lations (Poppy, &c.), spines (<SVt7/orm, &c.) ; or the 

margins are produced inte sharp edges or broad wings 
Piu» \ t'lg. 1110) ; or it beprs a crown of hairs, 
or como, at om* end, as in Kj/tlolflnm^ Aschj^ias, ic. ; or 
it is comphdely c<»vcrcd with long hairs, as in the Cotton- 
plant : while in various Polemoniaccae, La biatie, &c. ((?<>/- 
loml(( &c.) it is clothed with microscopic hairs, which 
exiiand elastically, and dissolve into a kind of mucilage 
when wetted. Sometimes the testa is loose, and forms a 
kind (»f sac .around th(‘ body of the seed, as in Orchida- Winc<»d8e«id 

It 1 0 * of Pine. 

cea\ rprokit ivc. 

Tlie innei* integument, th(‘ iegmen or endopleura^ is not generally 
distinguis]ia])le ; when it is. It is usually wliitish and delicate. 

The rcfcrL'iice of the intfgua. mts of the to their elements in the 




:ui. \ maion of an n« Iwntum of KanunrvUt*, showing 9eeA with a minute 
enihryo in the alliumen. 

Fig. 312. SiK'tion t>f fhi* wfil of Typhn, showing th«* airaight finhrvo in tho aria of the eodo- 
or nlbumon. 

Fig. 313. SiH'Uon of the onryopaia of Wheats, •howing the abundant endoaperm, a, with thu 
embryo, ft, at the b»ae, ontaide.* 

Fig. SI i. Section of the aeed of /m, with the embiyo encloaed in the eadoqMnn. 
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ovule is a subject of great complexity, since there appear to be no rules as 
to what regions of the ovule, from the nucleus outward, shall remain dis- 
tingiiishabie or enter into the composition of the coats. The testa is 
* commonly formed of the prhnhte ana fftcimdine (§ !23(>) of the ovule con- 
joined. The tegrmen seems to origrinate sometimes from the secundine, 
sometimes from the substiinco of the nucleus, &c. Small indehiscent fruits, 
such as the achmnia (§ 257) of Hanunculm or of Labiates, are liable to be 
mistaken for seeds when detached; they are known by the remains of the 
style, and by the complete sged with its proper coat being distinguishable 
on opening the pericarp (fig. 311). 

297. A considerable number of seeds jx)ssess a coat or ap})cn(lage 
distinct from the ])ropor integument, and produced entireh/ duntuj 
the development of the seed from the ovule — that is to say, after the fer- 
tilization of the latter. These additional structures are frequently 
fleshy when mature, as in the S[)iudle-tree, hJatnipnius, Podo- 
j>hpUum, &c. The older authors called all the forms by the same 
term, anllus; recent authors distinguish the tm&JUijdJbus, which grows 
up over the seed from the funiculus, like the primine and secundine, 
as in Nympheea, Passion-flowers, <fee., from the tjrdhujf, which origi- 
nates at or near the micropylc, and grows down more or less over tlie 
testa, as in Enonymus (where it forms a pulpy coat), in Euphorbia , 
Ridniis (fig, 309), Pohjejaht, Ac, 

The mace of the Nutmeg is an arilhes, adhering both to the hilum and 
micropyle. 

The appendages which grow from the raphe, in Chelidoniumf AmnnUf 
Viola f &c., are sometimes, called strophioles. 

• 298. Tlie body of the seed is composed either of the emhiyo alone, 
or of the embryo imbedded in a mass of tissue, called the ^adosj)fni*j 
perispet*m, or albumen (figs. 311-318). Seeds wlierein fhe embryo 
is immediately invested by the integuments are commonly called 



Sna. Sectiem of Piper, nhoiHng t1i<* f^mbiyo in a aeparfiCe Mo at tho a)>«<x of 

endofpenn, nhich latter ia hollo|r in the middle. 
ai7. Seetton dt tfto fruit of the Cocoa-nnt Palm, ahoiviiig the flhroaa eidcsarp* th« woody 
eadooKfp ex') ettolottng the hollow periipenD, in whkdi li<;a the rnibryo. 
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alhuminom (figs. 319 & 321). Whore an endosperm they are 
called albuminom (figs, 311 <fec.). 

The t^vm albumen y founded upon the functional analogy with the albu- 
men, or white of an egg, ia very inconvenient, os it has a distinct chemical 
sense, in which it is fie(juently used in the chemical questions ofyegetable 
physiology ; and therelore the word perupexm is preferable. 

299, The perispemi varies very much in both quantity and in 
texture — in proportion to the relative magnitude attained by the em- 
bryo (figs. 315 & 318), and in consequence of the different mode of 
development of the cellular tissue and its contents in different cases. 

Th(i texture or consistence of the perisperm is termed mealy or 
farinaceous when it may be readily broken down into a starchy 
powder (as in Corn-grains &c.), oily when it is composed of soft 


Fig. 318. 


A Fig. 310. 




Fi^;. lUS. \ t*rti<nl Bociion of of a, hilum; micropvle ; raphe; dvchalaia; 

e. emhrvo ; g*, p»*ri«|itTin. 

Fip. 310. K««U*nminouH <lu*<>ivl4<<ion(>ii(i (h*«h 1 of a llean, with the coata rt'mored: a, ra>dicl«||l 
h' b", (^>tyl«ions (ticmrale<l to iihow the plninuie, c). • 

Fig. .320. MontKx>tyh*d«>no^«» einfiryon removitl from the i>erien*t>iin, vertically sliced: A^of 
CalUi piUMfitriA; B, ^Irena (Oat): a, nwlicle; A, cotyledon ; e, plumule. 

tissue loaded with fixt^l oil (as in the Poppy and Cocoa-nut), muci- 
layinoiis or fleshy wdien it is tougher and swells up readily when 
wetted (as in the Malloy i, homy when hard and more or less 
elastic (fis in Coffee, Galium^ [risy &c.). 

The peri.m<*rm is usually a uniform mass ; but in yj/fnph<raf Piperacese 
(fig. 310), VannUy and soiiit' oiht-r plants the embryo is contained in an 
iiint r central coijipnrtinent or sac (sometimes emailed the amniotic sac), 
a() that the pt'rispenn is here dtiuole; the eneh^sed portion is some- 
times called the ondospenp ; the development of this will be described 
in the Physiological jpan of this work. 

The imifonnity or the ptnnsm'tm ia also destroyetl in some seeds by a 
jieculinr lobulateil condition ol the outPr pc»rtion, the sinuosities being 
fillM up and enclos<‘d in an ins(*parab!e layer of different-ooloured tissue, 
giving a marbled appearance ; this, wbicb is seen in the Nutmeg, is called 
a ri4|»i>j^^ ^jperigperni or albumen. In the C<Koa-n«t the perispf*rm is 
hollow wlie 4 i mature, containing the so-called milk (fig. 317). 

300. The embryo, or rudixnen^aiy plant contained in the seed, 
ordinarily possesses, when the seed ia mature, all the essential 
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organs of regetation, namely root, stem, and leaves, although in a 
few cases the leaves arc undistinguishable ; while in others the eni- 
f bryo is a mere cellular nodule in the ripe seed, as in Orchidacocc and 
Orobanchaceoe. 

301. The end of the embryo pointing to the micropjle is the 
radicle (tigs. 318-321 a) or rudimentary root, fonning the lower 
end of the axis which terminates at the other end in the phtmtile 
(figs. 319-321 c) or rudimentary terminal bud ; the rudimentary 
leaves, called cotyledons (figs. 319-321 />", b' 6), differ in number in the 
two great classes of Angiospermous Flowering plants, since in the 
Dicotyledons there are two, placed face to face at the upper end of the 
axis, with the plumule between them (fig. 319) ; and in Monocot y- 
iedons only one exists (or the rudiment of another on a different 
level), and this is more or less completely rolled round the plumule, 
like the sheath of the leaf in Grasses (fig. 321). 

Fig. 321. Fig. 322. Fig. 323. Fig. 324.* 



Fig. 321. Exalbnnvinons Monopoly leaonoti» 8oe«l of Poiamopeton^ with the coat iN*moved; 
tf, radicle ; A, cotyledon : <?. plumule. 

Fig. 322. Embryo of Pinuft, extra<‘tcd from the endoaperm, and the cotyledonary lobca sepa- 
* ratra. 

333. Vertical gef'tion of the feed of Atr*^ Pf>ll<tdonna. , 

Fig. 324. Vertical aectiod of the seed of the IIop (/lurnu/if*). 

The embiy'os of the Gymnosperraa are either dicotyledonous, as in Ci/cfis, 
TaxvSf Junipenn*, See., or really or apparently poJifrotyledouous,m in I*inus 
(fig. 322), where it is said that the seeming whorl is formed of two deeply 

ivided cotyledons. 

302. The enibiy^o, whether covered only by the coats, or imbedded 
in perispenn, exhibits many varieties in the relative position of its 
parts : thus it may be Btraiyht (fig. 312), curved, arcuate, or hool ed 
(fig. 323), spirally coilid (fig. 324), or folded ; in the last ease the 
radicle may be folded against the back of one of the cotyledons ( Inrum^ 
bent, fig. 325), or against their edges (arcumbenf ). The cotyledons, 
which are usually ^f>f fleshy te.xture, and vary^ much in form, degree of 
expansion, and solidity in different cases, arv oc'casionally rolh»d or 
folded np like leaves in leaf-buds (figs. 320 & 327) ; and these arc 
dee^ribed by the terms defined above under the vernation of leaves 
(§113). llicy have sometimes quite a foliaceoiM character, as in 
Conmlmdus, JRicinus (fig. 318), ic. The fleshy kinds occasionally 
cohere very firmly in Dicetyledc|jiin the mature state ; and they are 
tometunas of nnequal sizey as in "xrapa natam. 
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In most cases the cotyledons form the g:reater part of the embryo ; 
but sometimes they ^ro very small {Barriiujtonia), while in (Jmeuia^ 



Fit;. srotion of the seed of Ert/tnmum ; n, funiouliis. 

Fij;. Dieot vledonous embryo extnu-tett from a Turnii»-«eed. 

Fi^'. oi' 7 . Dieotyledonous emltryo extnu-ted from the se»“a of the Maple (Acer), 


a leafless ]>arasite, llit'y an? iindlstin^ruishable. Tlio cotyledons usually 
decay after th<‘ gernii rial ion of the .‘^eed ; hut in irelivitschfa the two 
cotyledons are ])ersi.stent, and* form the only leaves of the plant 
throughout its life. 

303. The relations of the embryo to the perisperm and integu- 
ments afford some regular conditions, to wliich special terms are 
a]»])liod. With regard to the perLspenn, the emhryo may be a,rial 
(fig. 312), and then mr'rely with its cotyledons lying against tho 
apex of th(‘ perisperm, as in C(tn\v, or conijdetely immersed in it, as 
in Pnhfifunnni ; it may he uhitxhtj or cxccatnc, when the layer of peri- 
sp<‘nn is thiekc'st on one sid(* ; or it may he i.rtermtl, and then cither 
latt rah as in the (Jrasses ( tig. 313 ), or ju rijtfti ric<(! (aJhmn^i ccntmhy^ 
when it curves round the perisperm, as in Sliralnlis, A//<7mt,s’(fig. 315), 
&c., or with the perisperm outside (r; // ho#? ca jx ripluricuhi'), 

30 4. Tlu‘ direetion of i lie emhryo in relation to the micropyle is 
almost always constant,, the ru«!icle pointing to that orifice, which 
indieate.s the organic apex * f the seed. • 


ClIAPTEll III. • 

MOllPIIOLOGY OF TIIK CinTTOGAMIA. 

0 KXER A L C IbSFRSATIOXS. 

305. Tho general distinctive charackunstics of this division of the 
Vegetable Kingdom are: — 1st, tho substitution for flowers of sexual 
organs wbicb, altliough analogous in many res|X'ct8, are of very 
different structure from those of tbq ^hanerogamia, and are both in- 
conspicuous in relation to the vegcrf^^lvc otgans, and very transitory 
in their existence ; 2udly, tho production, by the various forms of 
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fruit, of the reprodiictiro bodies called spores, destitute of au embryo 
and often consisting of simple cells, instead of siyjds like those of tlio 
rPhaneroganiia. 

30(i. By these characters the whole of the Cryptogainia are at once 
separated from the Phanerogjimia,and at the same tiiiu^ allied together. 
The Ciyptogamia themselves are divisible into two piiiicipal groups, 
characterized by the structure of their vegetative organs and the 
nature of their fructilieaty>n. The higher group, composed of the 
Ferns and their allies, the Mosses, &c., are related to the rhant‘- 
rogamia by the possession of an axis or stem bearing leaves and roots ; 
and their spores are matured in sjK'cial organs, ojilled spore-cases or 
$in>iran(/es^ formed from the foliar organs. The lowin' groups present 
no clearly markeil distinctions between root, stem, and leaves ; hut 
their vegetative structure presents itself in a vast variety of forms, 
often of indeterminate mode of growth — sometimes imitating a leaf, 
sometimes a stem, and sometimes a root, but always composed of 
simple cellular tissue, and without leaves or leaf-l»uds. This slriie- 
ture is known by the name of a signifying a M or h/z/f r. 

The simplest plants of this class consist merely of single cells. In 
other cases the cells are arranged in linear series, simple or branched, 
or in planes ; and thus by stages of gradually increasing complexity 
the higher groups are reached. The reproductive orgjins have ninv 
been ascertained in so many instances to bo, some analogous to the 
male, othervS to the female organs, that the existence of st^xual re- 
production may 1)0 regarded as genend throughout the group. The 
spores of thcL Thallophyta arc not produced in highly organized cap- 
sules like those of the Angiosporte, but lobes or parts of the thallus 
are more or less mollified to fonn fruits of diverse form, in which the 
spores arc produced in more or less ox|)osed parent cells, or thecae, 
from which they are directly discharged when mature. The Thal- 
lophyta are likewis# extensively propagated by cells (ffonidia and 
eonidia), which become detached from various points of the thallus ; 
these, however, are analogous to hvJheh, and not to seeds or 8|)ores. 
Many of them are reproduced by zoosporcvS, or cells wdiieh iK'comc^ 
detached from the par|»nt plant, swim about iu water by means of 
cilia, and ultimately become devcloi>ed into a thallus. In other ceases, 
again, reproduction is effected by means of a process termed eonjuga- 
#tion, wherein a cofamuriication between two cells is established, and 
the contents of the two beconte blcndcfl into a singlp spore. 

The modifications, both of the vegetative and n priwuctive orjraus of 
the CfTptogamia, are so numerous and diverse, ami so characteristic in 
each class, that it is most convenient to tre4it their morphology under the 
separate heads of the classes^ and not of the organs thl»mselves, as has been 
done with the Phanerogamia ; henee further remarks on this subiect will 
be found under the head of the sertral groups, and in the phyinologicid 
poitiott of tiie work. 
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PAET 11. 



BOTANY. 


CHAPTER I. 

PRIXCIPLES OF CL.VSSIFICAT10X. 

Sect. L Species am) Gexeea. 

307. In tho study of Vep:etable Morpholog\’ wo emleavour to 
(lisoriniinate the diftoreut kinds of organs jios.sessod by plants, to 
ref(‘r to their iippropriab* ty])e.s the infinite variety of their forms and 
modifications, and to aseeiiain the p:eiu*ral laws under the regulation 
of wliieh the diversity of actual conditions is evolved. In Syste- 
matic liotany a different problem is set. It is no longer in the 
separate jiarts or organs of plants that we seek the primary fadls 
upon which to found our generalizations, but in entire plants possess- 
ing peculiar assemblages of nioqihological cliaraetors. Our object is, 
in the first place, to establish analytically our elementary tacts in 
the rigid definition of the di>tinet kinds of plants : and, in the next 
place, spith('tically to geiii "alize tlnmi. hy gathering the kinds into 
classes, according to essential ngreeuienls among themselves, which 
classes then become tyjx's of (In* Vegetable Kingdom, and illustrations 
of the physiological and morjihological laws ruling the existence of 
plants. • 

Just as in morphology the study of the special forms of organs in 
detail must precede the fonnation of "a clear general ct^jiiception of each kind 
of o^»-an, so the study of iiulividiml kinds of planU must precede the for- 
mation of clear ideas rt*specting clasKcs aggivgates of plants. Rut, on 
the other hand, as the establishment of inoq)liological principles facilitate 
the discovery of the true signification of organs of unusual character, the 
establishment of philosophical principles of classification leads to the re- 
cognition, not only of the relations of otscurely choraeterired kind^i of plants^ 
but of the relative importance, in a systematic point of view, of the ditferent 
characters by which the particular kiods of plants are distinguished. 

These considerations indicate the main distinction between what are 
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called Artijicial and Natural Classifications. In the former, the only 
object is to arrange or place objects in such order thj^it we may find tlumi 
^readily by some prominent imu'k, in the same manner as words are armiiged 
alphaoencallj in a dictiomu'y. In Natural Classification, the object is so 
to combine our materials that the things brought closest together shall 
have the greatest possible agreement; from which it results that a know- 
ledge of all the ])eculiarities of one carries with it the knowh»dge of mod 
of those of its neighbours, and enables us, from the observation of a portitui 
of the character of a given kind, to foresee the rest, or at all events to 
detennine the limits beyond 'which it camiot vaiy' — in the same manner as 
we conclude from oiir knowledge of a noun sulistantive as to the meaning 
of the de»ivative verb, with its adjectival participles, &c. 

30S. Systematic Botany is founded upon the recognition of the 
existence of distinct hinds of plants — a notion which of cout'so 
belongs not to science exclusively, but is a part of the common (‘X- 
perience of the world. But there is a great difference, practically, 
between the kinds of things accepted in the ordinary affairs of life 
and the kinds admitted in science, more especially in tlie Bitilogical 
sciences. The idea of a hindy or. iis it is ternu'd, a species, in Botany 
and Zoology, is a conception which has something peculiar to its(df 
as part of these sciences — and is not only rigidly defined, but its 
definition is made to depend upon considerations of the widest 
generality. 

309. \Vo may adopt, from universal exp(‘ricnce, the assertion that 
the Vegetable Kingdom consists of plants of a vast variety of forms, 
and, further, that we meet with more or loss considerable numbers 
of individual plants possessing similar forms, or undistinguisbaVde 
from one another by any differences except those of size, height, and 
the like. In common language, we connoed together all such similar 
forms under ore name, saying they are all of one hind - this simple 
abstraction is a rough cxemjdifieatioii of tho naturalist's specit's. But 
science requires that the ideas upon which it Imilds should be 
firmly established af)d accurately defined. Now it will be etunmonly 
found that the notions of the distiiietion of kinds Indd by ordinary 
persons are totally dt^iont both of fixity and generality ; and if 
inquired into, they ml 1 discovered to rest upon arbitrary, and often 
even upon false grounds. Hence the naturalist, admitting tbo 
general fact of the existence of kinds, s<jeks for something more 
^ed, more essential, by which to define the idea, to serve as a guide 
and rule in dbscurc cases, and* a means of establishing among the 
cultivators of science Unit agreement upon funu n'ientil propositions 
which is indispensable to the advancement of knowledge, 

310. We have admitted the common notion of kind, as founded 
on resemblances. There is another fact of daily experience whi<;h 
is no less important in reference U> this iK>int ; that is, the circuni- 
stisiee that plants produced from seeds most commonly resemble in 
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nil important respects tlio parent plant from which the seeds are 
derived, and this tlirouf^li an indefinite number of generations; 
from which it follows that kinds or species of plants are regu- • 
larly reproduced by their seeds. 

311. According as we attribute greater weight to one or the other of 
these departments of experience, we shall bring forward most pro- 
minently one ortho other of the two most important of the characters 
by which the idea of a species is defined, . 1st, A species consists of 
all those individuals which agree in all their important characters, 
in the same way as do indi\'idual8 of analogous structure, which we 
know to have descended through a number of generations from a 
common stock. 2nd. A s])ecies consists of all those individuals 
wdjich have b(‘en produced through seed from aii original iiidi\idual, 
or ]jair of individuals, a distinct kind ; or, to put it less hypo- 
thetically, a spccu's includes all the descemdants of an indeterminate 
number of progenitors which did not dilter from each other in any 
charact(‘rs which arc constant in their ])rogeny. To these may bo 
added the assertitms that individuals of the same species may be 
cross-fertilized, to the improvement rather than the detriment of the 
fertility of tlicir seeds, and that tlnw arc affected in a generally 
similar manner by external ageneies. 

It must he repent (nl here that the Avhole object of these definithms is 
to make ehnir and preci.se a noti<»n deriv('<l directly fnun general expe- 
rience, and not inert ly to set up an imaginary or metaphysi(*al conception 
which is not realized in nature. Species, on this view, actually exist; 
for ev<*ry individual reprc>ents tin* species to which it is referred, and 
can only difler from tiie descri])lion applied as characteristic of it in 
possessing certain additional, unimportant peculiarities, which may be 
passed over wlu'ii ct>usid(‘ring this iu«U\idual in the light of a repre- 
sentalivt' of its sp(‘cies, 

I>iv(?rsity of opinion still ( X’-ts nmong naturalists as to the origin and 
fixity of speeie.'j. On the oi hand it is ns-sumed that every di.«tinct 
species lias originated in a di^itiTiet ereatiiui of that form, which has hc'cn 
perp(‘tuat('d, with the cssc*niial « har.u*ters unchanged, through succeeding 
generations. It is usually added by the sanie school that, as i\»gards 
plants, (’Very species has oritrinated from a single prototype, or a pair of 
parents where th(^ plant is di<ecious, * 

It is of sonu^ conskhu’ahle importance whether we suppose the pro- 
totype^ to liav(» lieen singly cn’uted or in numlxu's, since, as has l>een 
acut(‘ly (^bseiwed, tin* ndiui.'>sioii (If a number of .‘simultaneously created 
prototyp(’a gives tin* possibility of certafli iw#<7fC.S nr raffs as they are 
calhid, Wing aboriginal, like the species itself; while extension of tho 
original creation may also lx* (‘arried so far as to contradict not only the 
assumption of what aiv called original centres of dilfu.*»ion of species, 
the ba^is of most of tln^ g<meralizati(»ns of C h*(»gi*aphical ]k>tany, but also 
tho hypothesis of the single origin of sp(H*ies in time, which is necessary 
to all pahcontological arguments respecting tho relative age of geological 
fomiations. 
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On the other hand, it is contended by some writers that species are not 
all aboriginal ; and this notion involves the conclusion that they are not 
absolutely invariable, and the developmental docfrine is thus adopt(*d, 

' often indeed in a moditied fonn, by the supposition of the creation of a 
certain number of prototypes, from which, under the influence of vaiying 
external agencies, the multiplied forms have, in the course of long ages, 
been evolved, — an assumption less warranted bv experience than the 
assertion of distinct creations. In adopting the hypotliesis that species 
are invariable, and that the prototj'ue or prototypes were qreated at one 
time and in one place, we believe "that we accept the view supported by 
the preponderating amount of evidence, which is necessarily scanty on 
both skies. And what appears to us still more important is the fact 
that we here take up a principle which is far more fruitful in conclusions 
leading to a lucid and consistent view of the creation. 

Mention has been made of modifications of individual representatives 
of vspecies, under the name of Vaneti^^. We have stated that species are 
distinguished by their constant characters, but that individuals may 
possess other additional characters of less importance, which incon- 
.stant. Even as in the human species we find every individual possessing 
certain peculiarities, so t‘ven in almost to the lowest of cr»*ated oeiugs do 
we find what is called an idiosyncrasy, and individual character, chiefly 
depending, in the vegetable kinurdom, upon the conditions under wliich they 
have grown up. We often find seeds from the same parent prmhicing 
individual plants differing in the colour, size, and number of their flowers, 
and of their vegetative organs, according to the ('onditions of climate and 
soil to wdiich we submit them. A’erv often, moreover, we find thcvse differ- 
ences displaying themselves under wlutt appear to ns identical conditions — 
as is particularly the case with luanv of the favt>iirite “ florists’ flowers,” 
such as the l\‘largoninm^ Fueh^ia, Pinks, Ast*‘rs, which sport ” out 
Into numberless varieties when raised from seed under highly artificial 
conditions. The occurrence of such variations is less common, and, wlien 
it occurs, generally less marked in wild plants; wliich might naturally be 
expected, fn>m the likelihood of wild plants’ maintaining lln ir footing 
best in a position where the conditions are movst natural to them; but we 
do find remarkable cases of variation in many wild species, as of colour in 
the common Milkw’ort and the Columbin»* {Aqniletfia) ; hut most of tho.s«.> 
kinds which exhibit the tendency now ami then in a wild state, become 
extremely variable under culture. Some of tlie variations are dependent 
simply upon modifications of the cell-contents of certain tissues, in the 
commonest of all variations, those of colour, and in tho not uncommon 
^pearance of white patches and streaks ( variegation ”) on the leaves. 
CHner variations are teratological, and result from the over-stimulation of 
the vegetative system, causing the reproductive organs to degenerate (of 
which the ordinary' ‘Moiililinp^” of flowers by thf‘ <legmdation of thtur 
stamens into petais is an example) — or, rice rtrai, 5ic application of 
gtimuli at particular epochs, producing remarkable development of flower 
or fruit. All these variations, more especially those involving serious 
teratological changes, tend to di.sappear. Common variations, of slight 
importance, mostly die out at once in the descendants through s<^od. 
especially if the conditions are varied ; serious departures from the typical 
structure (teratological variational fe^ to barrenness and incapabiUty of 
continuing either the variety or the species by seed. 
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It is important to note here a fact which will be more minutely 
examined in another jlace, namely, that although the peculiar characters 
of varieties are commonly lost in seeds, the peculiar form is capable of ^ 
indetinite propagation by vegetative multiplication through cuttings &c., * 
the special idiosyncrasy being possessed in common throughout all the 
leaf-buds, both wliile fonning part of the parent and after they have been 
detached from it to form new plants, grafts, kc. 

A certain number of sp^'cies which vary more or less in a wild state, 
exhibit a remarkable peculiarity under systemaiic cultivation. strictly 
maintaining a certain set of conditions, vanetios originating accidentally 
or through intentional treatment are made to manifest their additional 
peculiarities so strongly, that they transmit the tendency to present 
similar pe(*uliarities to their seeds ; and such transmission goes gn for an 
indefinite number of generations, provide<l the requisite external conditions 
are kept up. In this way arise what arc called RnceSy scries of individuals 
comu'cted by common characters and by generation, like species; but, 
unlike them, liable to lose, in one or a few generations, under change of 
conditions, part or all of the essential characters by which tlicy are distin- 
guished. We have examples of such races in most of our esculent Vege- 
tables, especially in the innnv varieties of form, more or less permanent, 
derived from the wild Cabbage t^erarea). 

These, together with or tlie prinbun:* of cross-fertilization 

between individmds of distinct spt*cies, will be ref(‘rred to again among the 
phenomena of the J’hysiology of lleprod action. The determination of the 
limits of species is greatly olMnicted in many ciise? by tlie fremient 
occurrence of varieties, and mon? ]>niii(Mdarly of races — to which hybrids 
add another complication, probably of h*ss importance tlian many modern 
authors suppose. It app(*ars prubabh? that tlje number of ivai species is 
far smaller than is usually sup]>o<ed. and that many races, and a large 
number of frequently ixjcurring varieties, hold a place in our existing lisfs 
of species. 

1112. In the foregoing ])’iragra]dts w<‘ have ende.avourod to define 
and explain the universal idea of species, or kinds, in its peculiar 
acce])tation in naturalbistoi/ mure particularly in Botany. Afiptcks 
xnclmle.^ all (he indivuhaiffi (hut mjete in all (lair constant characters. 
If distinct species exist, it is clear that they, on the other hand, 
must differ in their constant c/hiracters. But whenever w*e examine 
a large assemblage of distinct species, wo^hall find that certain 
of these agree with certain others more clostdy than with the rest; 
60 that we may parcel them out into groups, in each of which 
we shall find an agreement in a number of common characters, 
hy which it is also distinguishable frftm the other grouj>s. Goiio- 
rally speaking, we shall find that wo can place togothcr a numbiT 
of* species agreeing closely in the essential j)lan of construction of 
their Jloral organs^ while they differ in the forms and duration of 
their vegetative organs drc. dron|>8 of this kind are called genera ; 
and the notion of a genns^ like ll\nt of species, is not only common 
tQ all deijortmcnts of human knowledge, but it is also existent 
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in tho lanp:uap:o of common Hfo in its special natural-history sense, 
only requiring for scion tific purposes to ho more strictly defined. 
' In every lan^iia^e wc find fjent^nc names applied to plants, such as 
Willow, Rose, Violet, and a hundred others, each of which terms is 
indicative of a group of kinds or species, more or less extoiisivo in 
different cases, corresponding exactly in its logical value to tho 
genus of tho botanist. 

Some of these groups are characterized by very striking peculiarities, 
so that even the genera of vulpir language con-espond very nearly witli 
those of the botanist; hut in the generality of cases the popular collectivo 
names are applied on superficial grounds of resemblance, and include 
widely diverse species. For example, the term Violet is made to bind 
together not merely the common scented and other tnu* Mulcts, but the 
Dame’s Violet a plant of the Cablmge fjimily, the (’alathinii 

Violet (Gonfinnn Pneumonanihe'), k true and chamcteristic Gentian, tho 
Dog’s-tooth \*^iolet {Prythrouhnn a plant of tht‘ Lily family, 

kc.x "While the term Rose is extended from true Hoses to fW/, or Hock- 
roses, Rhododendrons, Alpine Roses, iS:c. Still some real genera are 
characterized in a sutlicicmtly marked way for most of their constitiumt 
species to be n^cognized as such pretty readily, after a very small ajiiount 
of attentive examination, as, for example, true Rn9<‘s, Willows, Pinks, kc . ; 
and we call such genera, including species of a very marked similarity, 
natural genera pur excellence. On the other hand, the principle <if c< un- 
bination which accords with the intuitiv«‘ classiticaliou in those natural 
genera leads to the establishment of other genera wlu*rein the sneeies 
seem at first sight to differ widely, of which we could not have a oetter 
example than iu the genus Euphorhiu, wher»^ our native species an* incon- 
spicuous herbs, while the tropics afford spcties with large spiny I’actus- 
like trunks, ko. 

Moreover the carrying out of the same principle leads in certain cases 
to the generic separation of spe<ues which present close ajirermient in 
their general characters, but are distributable into a rmmber of groups 
characterized by very decided morpholoirical diversities in important 
pai^s of their floral organs. Thus, in the ITubellifera*,!]^' Composit/e, tho 
Grass's, and some other families, we separate generically species which 
have a great rew*mblance in the majority <»f t lour ('haracters. Tliis happens 
especially in what are called rerg tmtural ftimiluA of plants, large nssem- 
blage.s of genera evidently c< »iinect<»d with each other by the prt^#«*nce t»f 
some very marked peculiarity, .such as tho Urnb^dlifiTous innorescence, 
the Papilionaceous corolla of the r>egumLDos,*e. tlie ( 'apitulous intlorescenco 
of the Compositte, the p<‘culiar spikelets in the f rrass» s, ^:c. On the othrT 
hand, the ‘^nattiral genera ”^Wcur mostly where the character of the natural 
family is more lax and Hexible, rfs in the Hanunctilace.e. Rtvsacejc, ko. 

In the present state of ksowlcdge, it must ho ad nittfvl tliat a largo 
portion of our generic distinctions are somewhat arbitraiy, and that tho 
species included in some genera a^e together much inorrj closely than 
those corabine^l under other generic heads. At tho same time it cannot 
he doubted that some genera are really far more extensively repres^uitofl 
W^epecies than others; so that the !nen» numl>er of kiml.s included in a 
g^na is to he totally neglected in a natural classification ; and many recent 
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authors have done dia^orvice to science in general by splitting up largo 
natural genera on sligjit characters for the convenience of systematistjs. 
ft is far more instructive to keep together the members of large natuml 
genera, like Ficu.% llrica^ Begonia^ t^c., than to subdivide them under 
names which disguise their relations; and the convenience of systematists 
may always be sutlicieiitly regarded by the establishment of section* in 
extensive descriptive Avorks. 

Genera are groups of species associated on account of agree- 
ment in the essential characters of their tioral organs ; but here, as 
elsewhere in nature, variations from our abstract types must, to a 
certain extent, be admitted. Some undoubtedly natural genera in- 
clude species with their floral orgjxns varying in certain particulars 
more than is usual in groups associated under a common type, some- 
what as certain speci(‘s admit of a wider range of variation than 
otliers. Here, again, [diysiological cliaracters become of value ; and 
as in species we regard the fertility of the seeds produced by un- 
limited cross-breeding b(‘tween the varieties as a proof of these being 
individuals of the same species, so with regard to genera it is com- 
monly held that a gimeric eoniiexion betwf'cn diverse species is 
indicated by the capability of ]»ro(lucing hghrkh by cross-breeding. 
These true liybrids jiroduoed between distinct s]K‘cies of the same 
genus arc barren, or can only bret'd Avith individuals of one of the 
parent species, wbicli soon eliminates the cross, and leads to a com- 
plete reversion to that species. 

Tliis physiological test is consonant with morphological evidence. Tn- 
dividiials of the same speci«\s are capable of iudiscrimiiuite fertilization^ 
because they arc exiictly alike in all essentials of structure. In hybrids 
produced betwtam two species of a genus, the parents agree sntliciently in 
structure to alhnv of their producing a few frrtib* s*‘eds. but the plants 
raised from tiiese seeds contain two contradictory impulses, which so far 
prevent the perfection of their organization that they remain baiTeii. 

314. [The above remarks - n the nature of species were penned 
before the publieation of Mr. I>arwin’s Avork on the ‘ Origin of Species,’ 
It is of course ira])ossiblo to say to what extent, if at all, Professor 
Henfrey’s views on these p<»ints >> ould have been mcKlified by the pub- 
lications of DarAvin, HerWrt Sixmcer, Wallace, ^nd other ativocates of 
Avhat is termed the hypothesis of the derivative origin of species ; hence 
it hius been deemed j)referable t6 retain J^rofessor Henfrey’wS opinion 
as above expressed, without adtlition or modi£bation. It is neverthe- 
less desirable to state succinctly the vieAA?^ now held by a large number 
of naturalists as to the origin and progress^of the aggregates or foqns 
called species. Assuming, then, the existence at this present epoch 
of certain figgregates of individual plants which may conveniently bo 
called species, these species are, on the derivative hypothesis, sup- 
posed to have originated from oth^r preexistent 8j>ecie8, and these 
again from others ; so that in the beginning, it is surmised, there 
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were but a very few primordial forms, from which all existing 
species have been derived, just as individuals ^may be traced back 
to a common parent stock. 

Supposing si>ecies to have originated in this way, the question then 
arises as to what causes have produced the modifications. Where, 
on this hypothesis, there were originally a very few, or perhaps a 
single primordial form, to which all then existing individuals might 
be referred, there is now an infinite number of forms both in the 
onimiil and vegetable kingdoms. How have these forms arisen ? To 
tliis question the answer given by various naturalists has been 
diflerent. 

By some the variations have been attributed to the influence of 
external conditions ; by Darwin to an innate tendency, jlroducing 
variations of structure, some of which, under given circumstances, 
would be favourable to the progress and development of the in<lividual, 
and others not so. In the battle of life, the stniggle constantly 
going on in animated nature, those variations most advantageous to 
the organism in its competition with others would be preserved by 
“natimil selection,” while other variations of less advanlageous 
character would be obliterated or not perpetuated. Hence the 
victory would bo to the strongest, the weakest would go to the wall, 
and the result would be, in Mr. Spencer’s languag(‘, the survival of 
the fittest.” It will thus be seen that on this h5’|)othesis sp(‘cies 
are not considered immutable, and variations, esj)ecialiy such as 
are advantageous to the organisms, are regarded iis the starting- 
-points of new species. With reference to these points tin* student 
will do well to bear in mind that these and kindred s]>ecuhitions are 
not to be treated as dogmas or creeds, but as means to an end, and that 
end the more j>erfect knowledge of the origin and relation of existing 
forms. Any hypothesis or theory which will sen e to correInK* and 
bind together a number of otherwise isolated facts and explain their 
interdependence, is valuable Jiot only for what it effects at the 
time, but as a focus around which otlier facts may in future bo 
gathered. That hypothesis is bestwliich ser^*es to give a rational 
explanation of the largest number of obsen'cd phenomena of the 
greatest importance. Tri(*d by this test, the Dar^vinian lu'potlicsis, 
or, rather, the theory of evolution, has gr**at advantages, and presents 
on the whoV Wfer difficulties and less inconsistencies than the older 
hypothesif^ '‘•‘Hlfite creation of each sjxjcics. Particularly docs 
seem Ase of the subjcHjt now betore us — the classi- 

k admksion of the principle of filiation and 
geneUoffU^ the natural system of clasHification a 

dearer claimV,^ of “ natural ” than ^it had before, supplies 

the explanation ol iiunjljfr of phenomena otherwise inexpli- 

cable^ and offem plausible and valid reasons for the existence of facts 
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and processes that were previously considered either unintelligible or 
purposeless modifications of an assumed structural type. The portion 
of Mr. Darwin’s h} 7 )oth(\sis which has perhaps received the least • 
amount of assent has been tliat relating to natural selection. The 
idea was basted on that artificial process of selection by means of 
which man has been enabled progressively to improve and perpetuate 
the different forms of domestic animals and cultivated plants. In the 
latter case the horticultunst is ever on tjie look-out for variations. 
If he sees one that suits his purpose, sucli, for instance, as a form 
producing larger flowers than ordinary, he docs all that he can to per- 
petuate that variety by carefully selecting sec^d from it, at the same 
time that he destroys or neglects other less desirable variations. In 
this manner, after a time, the selected variety becomes ‘‘ fixed,” and 
a ‘‘ race ” is formed. On the Darwinian hypothesis a selective process 
is supposed to occur naturally . similar to that employed by the 
gardener or ngricultnrist as just explained, such selection or elimina- 
tion resulting, as l)efore said, in the survival of the fittest.] 

Sect. 2. NoMEXCLAirRE. 

315. Th<! Tenainology of Botany establishes exact rules for naming 
the parts or organs of jdants, and the difiereiit characteristics which 
those organs present. Nomenclature deals with the naming of plants 
themselves a.s nieinl>er8 gr parts of the Vegetable Kingdom; and it 
furnishes tlu* rules for naming tin* kinds of plants, and the various 
grou])s or asscinhlnges in which they are associated in our systematic 
classifications of kinds. 

Couimoii and striking plants possessed names before the Science of 
Botany existed; and the earlier botanists adopted those names; but the 
natural result of minute investigatitm has hoen, on the one hand, to prove 
that dithu'ent things were otte?> confounded under one name, and, on the 
other, to ascertain the exisfet.* ' of niuUitudes plants previously un- 
known, and for wliich no names ♦•xisted. For a long period the wants of 
botanists in this respect wtre supplied somewhat irr»‘gtdarh — cither by 
associating charaolenstic mijci tivc'i or descriptive sentences with existing 
names, or, where a decided generic distinction was manifest, bv the in- 
vention of new names, which laid the foundati?rn of a pundy technical 
nomenclatim?. 

It has been reniarkoil in a preceding section that tlie groundwork of 
the sidentitic idea of a genus exists in common language ; and we find that 
names applied to collections of kinds alxi^nd in the languages of nil races 
of men wliich have made any considerable progrt'ss in intellectual culture. 
In most, if not all, languages there is a strong tendency to give thofii a 
substantive value, and to ju^parate the included s|>ecit\s by adjectival quali- 
fying iinmea. It is true that then*' gt*neric substantives must be founded 
in the first instance on the observation of a simple kind ; but, in the im- 
perfection of early observation, the «term is extendt*d by gt*neralization 
long before the peculiar characteristics of the included species are clearly 
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discriininftted. Hence we find the majority of the plants named in the 
oldest writers, and in the language of coninion life, ^designated in the fimt 
^ place according to supposed generic characters, and only secondarily 
* according to specific dinerences. 

316. Botanists accept the rule of nomenclature given by common 
language, which makes the generic name the basis of the name of all 
species. In respect to this, then, interference is restricted to the 
clear distinction and rigid limitation of groups whicli are combined 
under generic names. 

317. In respect to species, however, it was long ago found that no 
mere modification of the rules of ordinary language would suftice to 
bring the nomenclature of plants irto that definite and simple con- 
dition which is one of the primary’ conditions of scientific progress ; 
and the immortal Liniiicus, who effected such a fruitful revolution in 
descriptive natural history by the establishment of a fixed and rational 
terminology, furnished one of the most valuable instruments for the 
promotion of philosophical natural history when he propounded the 
now universally adopted scheme of the hinomud nomenchttHre, De- 
parting from the inconvenient and illogical priiieiple that the name f>f a 
thing should be rr description of it, he carried out the method of abstrac- 
tion from the (jenus to the species, and made a single word sen’e the 
purpose of a sign at once of specific value and of specific peculiarity. 

The primary rule in botanical (and zoological) nomenclature is, that 
every species slmU have a particular name, compounded o f a suhstanfive 
and an adjective (or substantive used adjectively), whereof the former 
indicates the yenus, and the latter the species. 

This nde of naming may be compared with the common usage of sur- 
names and Christian names, the former indicating the family to which a 
man beloitgs, while the latter admits of his ladng spok**n or written ahont 
without the nec#‘ssity of adverting, except for special purposes, to his jvt- 
sonal peculiarities or his relationship to the oth(?r memlx^rs of his family. 

318. These scientific names of plants were originally established 
in Latin, because Latin was the general language of science at the 
time they were introduced, and they will be retained with advantage 
80 long as diversity of Jangnage cxistvs, since they ensure to all plants 
and animals names which have universal acceptation, and which, 
Kke the Arabic numerfils 1 , 2, 3, &c., are equally comprehensible to 
the educated of aH natiops. 

• With regard to what art? calk'd ^'vulgar” naniis plants, muph stress 
16 laid by somo writers on the (Vsirableness of po.^s* ^sing a name in the 
ordinary language of each country. It seems to us ihat while a Teal ad- 
vantage exists in ascertaining the scientific value or synonym of the 
vulgar names which from long use form a real part of a language, none is 
gained by making fresh names, by translating the [.atin names or other- 
wise, for speci#*s not previously re<jognized bv ordinary persons : the use 
of such peeudo-vulgar names m poetry or other imaginative literature is 
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equally pedantic and inharmonious with that of Latin terms ; and where 
exacrt ideas are to bo conmmnieattid, the technical Latin names are less 
equivocal, and generally pref(;rable on the score of brevity and simplicity. ^ 

If all gtmeric names were significant of striking peculiarities, more * 
might be said in favour of traiiskted names ; but such is not and cannot 
be the case, and hence the slight amount of information possible to be 
conveyed in this way to the uneducated should not weigh at all against 
the enormous inconvenience and confusion which would occur to science 
from the adoption of a complete set of veniacular synonyms for general 
use in each language. Sunicient inconvenience is felt in this respect by 
foreigners, from the favour ,^dth which a pure and idiomatic vernacular 
teriniiiuh^gy and nomenclature is regarded ny German naturalists, to serv’e 
as a warning to those who would introduce it elsewhere. 

319. The substantive names of genera have been and are still 
formed very arbitrarily, and without any generally recognized 
principle. 

All those which liave been identified as known to the ancients are 
called by their classic names, s\ich as Pnotm^ Quercusy ThymuSj 

Scc.f the etymology of which is more or less obscure in various cases. A 
very largo pr<iporti<m of modern generic naiiuvs are fuiuid(‘d upon com- 
binations of Latin and, more particularly, (ireck words indicating some 
obvious external peculiaritv, or some property possessed, or supposed to be 
possessed, bv the plants ; but the application <.*f tliis principle luis often 
boon carried out without accurate knowledge, and without happiness in 
selection, so that many such name.s are but litth* characteristic, and would 
often apply m<»ro coiToctly to other genera. Those, on the contnirv, which 
are well chosen aiVord a certain a.s>istauce li» the ineimuy : examph^sof such 
names, founded on structure, occur iu: — Lithfspvnnion^ so called from its 
stony fruit (or supposed seed; ; Cawjmtuht, from its bell-shaped corolla ; 
Sayittaria y(roni ita arrow-shaped lcavi*s,&c. : on qualities, in Ghjcijrrhizti 
(Liquorice), fi*om its sweet rhizome; Puhia (Madder), from vielding 
a red dye ; Lactuca (lA‘tluce), from ita milky juice, tS:c. : or on accustomed 
station, as ArenariUy Ppith-ndruniy Scv,: tilhers have derived their names 
from supposed medicinal nowi. sueli as Pidntonann^ ^>crophuUinay icc. 

Another large cla'^s oi generic names is fouiid**d on proper names 
either of mythological or veal p^’rsonage'^, mon* espi^tually di>linguished 
botanists, to whom the gem ra nta iledicated. luimanis divw largely 
upon classical mythology and lep'iuiary histor\* as a ready source of 
diverse names for the inanv newly defined genera he had to tltal with; 
and the names /m, Arfvnmidy Amaryiliny vVc. stand outstronglv 

in their eupliony from most of those founded on mpderu names; sueb 
names, however, as Lmn<ray JAMitty DioMotrOy Mmpwlia go far to rescue 
the principle of naming genera after botiifiisls and their patrons from tlfb 
opprobrium brought upon it by such as hmwii furuiy iSchtrryckJurfd, iiVi- 
zoumoimkidy EschchidiziOy and the like, and will prokihly bt* pnTem'd by 
most p'rsons even to such “cJiaracteristic’’ names as pUuraschhwui/ypu^, 
Oxy^tophyUnmy Pachyptrryyiumy (flijtchrocnfyoiu 

In face of these lost, the pseudo- Latin barbarisms J7/co, 0#crj, Patn» 
hmty which preserve the original native names of plants, l)ecome no 
longer uncoutli. 
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320, Specijic names aro always cither adjectives^ or suhstantives 
v&ed adjective! ff. When they are adjectives, they must of course be 
‘ made to agree with the substantive ; and it may bo recalled to recol- 
lection that in Latin all names of trees aro feminine^ whatever may 
be the terniiiiation. 

In the majority of cases, the specific names are selected on similar 
grounds to the generic. Atttnnpts art* very commonly made to render 
the name characteristic, a proceetliug which in many cases affords a 
certain advantage ; but when, on the contrary, it is carrieil out in im- 
perfect acquaintjmce with the species of lafge genera, it leads to con- 
fusion. Sometimes these names indicate, the character of the leaves^ as 
ill TUia yramUfoU't and parvifoUa^ Mentha ri>ttmdifolia ; or the existence 
of a detiiiite number, as in Platanthera hifolia, Paris quadrifoluiy kc , ; or 
the character of the infiarvsvence^ as B atom us itmffeliatus^ ProrHm race-- 
mosus, kc. Or the “ habit ” of a species is indicated by such adjectives 
as mnjor^ minot\ padllas, nanu^, f/raeiiif, scatah ns, kc. ; or its iliiration, as 
by tmnaa^ perennis^ kc . ; and in st)iiit‘ cases comparisons with other plants 
are marked, as in Pnnunculus aconitifolias^ Acer plat a noides^ kc. 

Generally s^jealting, the c<d(»iir of Howers is too variable for sp*'cific 
distinctions ; but nevertheless many species are named from tlieir usual 
or constant colour, as Gmiiana lutea^ Lamiam album and purpureum, 
Dif/italis purpurea, kc. 

sStation, i.e. kind of soil or place inhabit''<l by a plant, is another source 
of nann)s, as arrensis fcomm«.>n on plonjilunl land), af/resfis, hfutends (on 
cultivated ground generally), pratensis (in meadows), stprestris or sj/lva^ 
ticus (in woods), (in swamps), nfiuntiew^ {\n or about water), and 
saHvu^, a term commonly appli»^«l t4) kiruls reiriilarly cultivated from s«*ed. 
Most of these terms are applhul vasruely, ami a similar want j>f ac<»unu’v 
in the implied idea affects many of the name«* founded on tin* plm'es 
where plants have boon first observed, such as Silene (ptUica. Staehps r/cr- 
vianica, (renista none of wliicli are peculiar to the countries 

hanied^ though they may, in the first instance, have been considei>*d to 
be so. 

Such names as odorata, suaveoUns, ffetida, kc.. expressing marked 
qualities, were fonnerly much used; and the adjective oflieinalis is found 
applied to a host of plants formerly valued by the herbalists for some sup- 
posed medicina* or economical prop‘rty. 

Substantive names i^sed adjectivelv are mostly nanu's of alxdished 
genera, retained in association with the n»*w g**neric as lianunetdtM 

Flammtda, Pprus Malm, Matn'raria Chamemil/a, Prunns Cerasm, kc .,, — 
these old generic derms being in a few ca-»vS double, as Adinnfum 
Cnpillm^VenerUj' LychnU Plos-curulij' kc. Or substantive proper 
dhmes are used in the geniti\‘tf case, as Limnochans llmnlnddtii, Vtola 
NuUallii, Galium Vaillaniii. The dedication to flistih'/mshed {H*rsons mav, 
however, be effected by adjectival terms, as Stdix Uunima, kc., the um 
of the genitive noun being more strictly appropriate when it is the name 
of the discoverer or first describer of a spf.*cies, the teniiination a/ms con- 
veying a mere compliment and not necessarily implying that the person 
to "whose name it is affixed had aiiynhing to do with the |)articular plant 
in qaestiom 
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321. If the rules of scientific nomenclature were strictly enforced 

under the direction a single authority, each plant would have but 
imt name (composed of the generic and specific appellations), and , 
this name would bo indissolubly and unequivocally connected vdth 
the idea of tho peculiar species. But it happens practically that 
such is not the fact, and this for reasons necessarily affecting various 
cases. Not unfroqucntly it happens that a ])lant possesses more than 
one name, which may arise froiu an author naming it a 

second time, through entire ignorance of its having been previously 
observed, or from his erroneously supposing a particular form to be 
distinct from tlio already known and named species. Almost as 
frequently in tho present day do mo find a distinctly recognized 
species denominated by more than generic name, while the specific 
appellation remains the same, this ambiguity arising from difference 
of opinion as to the limits of genera, and eonse(iuently as to the group 
to which particular species are to be referred. 

To ensure accuracy, therefore, it becomes necessary, whenever 
the name of a plant is mentioned in a scientific work, that the 
authoriti/ for the name (tliat is, the author who originated it, or 
whoso peculiar application of it we adopt! should be indicated. 
This is done by subjoining an abbreviation of his name. Thus, 
Ikllis perentnUf Linn., or L. ; Imda Congza, DC, \ Puli cann vulgaris, 
Oaertii., signify that we mean tlie species which were defined under 
those names by Linna}us, DeCandolle, and (laertner, respectively. 
In like manner it is rcMpiisito, in the majority of cases, where the 
name of a genus is mentioned, to indicate tlie .nithoritv, since 
of the older genera of Liniueus and othei-s have been broken up into 
a number of groups, and the original nauje restricted to one of these 
more limited assemblages. 

322. Tho sujHU’tIuous or incorrect name's which exist in many 
cases cannot be neglected 'chcic they have once acquired a certain 
currency, l)ecauso a certain amount of existing knowledge is con- 
nected with tliese names in the works of tlie writers who have used 
them. Hence arises the nect'->ily of enumerating the sgiumums of 
plants. The citation of synonym.H is of wpurse unnecessary in 
general cases, where the names of plants are incidentally mentioned, 
so long as the authority for (ho name is given ; but in Systematic 
W'orks, such as Descriptions of the plants of a couhtry or province, 
or Mouograplis upon particular grouj^f of plants, it is part of an 
author^s duty to ascertain and indicate all the names which have 
been applied to the particular forms, and the exivct senses in which 
different names have been employed. Tlie sjmonyms subjoined to a 
specific name may indicate : — 1, that the same sjKHjios has received 
different names from different aujhors ; 2, that a selected specific 
name includes tlio several supposed or real s^KJoies enumerated under 
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it ; 3, that the species has been removed from a genus to which it 
was formerly referred ; 4, that a particular view is taken both of the 
• generic and speciiic value of a plant concerning which opinions have 
varied in both pai-ticulare. 

The following examples may sen'o to illustrate tliis : — 

1. The name Galium vt rum, L., has simple j)riority, and there- 
fore preference over G, Lamarck, indicating the same species, 

wliich was accidentally or erroneously named by the latter author 
after Liniimus had given it an appellation. 

a, Ai/rosth alba, L., ineludes -1. compressa, Wilkl., A. giffanteay 
Eoth, A, stoloulfera, L. (in ptirt), &e. ; these latter have been mis- 
takenly sejxirated from it or subsequently named without knowledge 
of the identity. 

3. Catitasiea vubjaris, Tjum., is now substituted for Fagus Crts- 
4 tama, L., as the genus Castanea is now regarded as distinct from 

Fagus. In many oases we tind a distinct generic name given as a 
synonym where it is really more recent, but is rejected in favour of 
the older on the ground that the more recent generic separation is 
not approved of; for instance, autumnalisy Willd. ((}ponnia 

autumnalhs Don). 

4. Catabrosa (Kpuitlca, Beauv., is named in diverse works Aira 
aqxiatica, L., Molinla aquatica, WibeL, Foa airoides, Koel., Glgceria 
aquaika, Presl, J:c. 

The multitudinous synonyms whicli fall undtu’ the lost catc*rory are 
attributable to the excessive tendeiicv of nuHleru writers to multiply geiieni 
•on slight grounds. Such minor sulxlivisions are far h*‘tter rioted to 
extensive systematic works, on the plan adoplrMl in DeLundolle’s “ 
dromns,” providing them with s«‘ctional names for tin* exclusi\e us»* 
of systematists, and preseAing the more general name for common 
purposes. 

323. The varieties of species arc noticed in descriptive works 
when of frerjuent occurrence, and then arc cither simply indicated 
by the letters of the (ireok alphabet, or have an additional adjective 
name like the species, which plan i^ rsj/ecially followed in lists of 
garden varieties. In such cases either the ordinarily occurring form 
is taken as the ty]>o^ and the series of occasional varieties begun 
with /3, as — 

Shmbtfcm nigra, L. , var. (i, leaflets laciniatcd (Hooker & 

Arnott). 

or, Sambnrus nigra, L. ft, vlrescens (tVuit green). 

y, hvcomrpa (fruit xvhite). c. huiniatn (leaflets laci- 

liiated). e. varirgata (leaves with white streaks), Koch. 

Or if the sjiccics i.s variable and no one form is considered typical, 
the series begins with a, thus 

Fidia derUata (Hooker & Arnott). a ( VaUrianelU Monr 
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soniif DC.). (i (Feclia miocta, Vahl). y (jPe- 

dia e nocarpa & 8ch.). 

The nomenclature of cultivated plants is fruitful in examples of named 
varieties in large numbers belonging to particular species, such as Clarkia 
pulchella (illmy C. pulchcttfi rosea^ &c. &c. ; but these names are often applied 
without scientific exactitude. 

324. Hybrids are named according to certain rules when they occur 

frequently wild or, if obtained artificially, .w hen they are propagated 
by cuttings, bulbs, &c. The names of the two parent species are com- 
bined, thus: — Verbasewn a hybrid between V. nigrum 

and V, Lychnitis. With n^gard to artificially produced hybrids, it is 
I> 08 sible to indicate the parentage with more accuracy, and the name 
of the seeding-plant stands before that which yields the pollen, as 
AmariJlUs viitato-regim^, the form produced when the ovules of 
A. vifiata are fertilized by the pollen of A, reghur^ and vice versa,* 
\Miere a plant is known to be of hybrid origin, it is a good plan to 
indicate the ffict by prefixing x to the name. 

325. The nomenclature of the groups above genera is of less im- 
portance than that of genera and species, and is dealt A^dth more 
independently by individual writei-s. Artificial groups are generally 
named from the charactcT on which they are founded, as in the 
case of the Liniu'an classes and orders, which will be explained in a 
hubse(]UOiit section. The same is the case with the artificial divisions 
which are used in most Natural Arrangements for conveniently sub- 
dividing large assemblages of Families or Orders, such as Thalami-- 
JlortP &Q, of l)e Candolle, J\)lypetalije Ac, of Jussieu. But as the- 
essence of the Natural Arrangement of plants lies in the combination 
of forms according to the majority of points of likeness, or general 
character, >\e arc not necessarily restricted by any definite character 
in the selection of the iiume; and in regard to the Natural Orders, 
great diversit y of principle I ms prevailed in the application of the 
names, and even considerable latitude in the fonn given to them. 
There exists, hovrever, one rule applied in ^ill I..atin naming of what 
are termed Natural Orders: the w'ord planter is tnulei'stocd^ and an 
adjective name agreeing with this represents tlw group. In existing 
sy'stems find these adjt'clive names founded sometimes on a pre- 
valent character in the family', as (plants) Leguminosce, Cqiiifera?, 
Uinbellifera', Arc.; sometimes on the names of typical genera, as 
Ilosacem, Solanaceaj, Convolvulacem ; f sometimes on an existing 
general name derived from common language, as Graminaceie and 
Mmiicem. A difference of termination exists even in regard to the 
same word in different author^ : thus, one author writes Ciltinem, 
another Cistacem, with the same meaning ; while others use the word 
Aroidem in preference to Arace®, or (aim® in preference to Falmace®. 

Attempts have been made to reduce all these names to a system. 
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and to ptjBserve the same form of termination for groups of the same 
value. Thus it is proposed to make the name^ of all Orders end in 
c aceoBy like Banunculaceae, Ericaceae, <fec., the only objection to which 
is the necessity of discarding many familiar and well-established 
names, and replacing them by strange ones, as Apiacese for Umbelli- 
fersB, Eabaceae for Leguminosae, &c. ‘‘ Classes ’’ or ‘‘Alliances ” again 
are made alike by using the terminal form -ales : as Glumales, instead 
of Glumaceae or Glumiferoa, for the group composed of the Orders with 
a glumaceous perianth, &c, 

V 326. A fixed rule does exist among all modern writers in the deno- 
mination of suborders or tmhes into which Orders are divided ; for 
these are founded on typical genera, the names of which are made to 
furnish adjectives by the substitution of ece for the last vowel and 
whatever may follow it ; for example, in the Order of the Eanuncu- 
lacem, we have the tribes Anemonece from Anemone, lianunculece from 
Banunculus, IlelleborecB from HeUehorus, &c. ; and in botanical works 
these names of tribes are commonly printed in italics like those of 
genera and species, while the names of families and all above them 
are printed in roman letters, 

: ^iie names applied to the larger divisions of the Ycgctable King- 
dom in Natural Arrangements are generally made as characteristic as 
possible; but, as will be shown in the Section on Natural ArraTigc- 
ments, none of, the single characters of such groups arc absolute, 
and therefore no name founded on one character can be universally 
descriptive. Thus the name Monocotyiedones is applied to a most 
'natural group, in which are, however, included one or more Orders, 
as the Orchiddeese, in which the erabrjo has no cotyledons. And it 
may be said that to an advanced, student it is far more beneficial to 
ri&gard all names a.s abstract si^is, used rather to indicate certain 
plants»«^ groups of plants with which he is ac(juainted, than as 
0;pf the characters of the plants to which they are applied, 
^l^rvations on the noiiif^nclature of the Orders and higher 
pslo&jittnts art^%placed here for the sake of connexion with the re- 
mainder 91 the subject ; but they will be l>otter appr»>ciated after acquaint- 
aipce W^h theJlHustrations of them in succeeding Sections. 

Sect. 3. Descbiption of Plants. 

"" 327. It is the business of every botanist who distinguishes and 
names a new ipecics of plafit to furnish an exfict st^itcmcnt of the 
characters by which it may be recognized by others. 

The most complete fulMment of this requisition is supplied in 
what termed a description of a plant, in which is given a detailed 
aecotmt pf the external form, the arrangement, and relations of all its 
orgaitf^ according to a fixed plan, and in a fixed language, funuisbed 
by the tcnoinology made use of in Morphology. 
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In order to impress upon the mind of the student the principal points . 
to be looked to in describing a plants and thus to ensure completeness and 
accuracy of observation, we subjoin a list of the more salient cnaracteristics 
which it is desirable to notice in writing a full description of a plant.* 
Some of these are of much greater importance than others, inasmuch as they 
afford the means of grouping plants into genera, orders, &c., and furnish 
what are called diagnostic ciuiracters. From their great importance, much 
stress is deservedly laid on them ; hence, after enumerating the principal 
“ characters ” necessary to be ascertained in drawing up a fuU de^ription, 
we shall insert illustrations of the ^‘schedules” introduced with' so much 
success for teaching-purposes by the late Professor Henslow, in which at- 
tention is drawn solely to those points of special importance. ' 

It must also be homo in mina that the terms used are such as are in 
general use, and are to be taken in their conventional sense, and not as 
necessarily expressing the exact truth : thus, as has already been explained 
under the head of Morphology, when we say that one organ is inserted 
into another, it would be more correct to say that the one emerged from 
the other ; in the same wav many cases of so-called cohesion and adhesim 
are shown, by the study of the progressive development of the flower, to 
be rather cases of imperfect separation than of union of originally distinct 
organs. 

In describing a plant fully, a commencement is made with the root, 
from which we proceed to the stem, leaves, inhoxescence, ho^exs, and, 
finally, tlie ripe fruit and seeds. 

Ill the case of the root the principal points to he looked to are ; — ^fiiat as 
to its whether true or adventiUous *, then, in succession, its /orin, 

f/i/'et'fio/i, degree and mode of nimification, durationy consistence^ «ttr- 
/atr, colour f &c. Similar remarks apply to the st<*tn and its modificatiohs. 

T 'fives YCiimi'e tirst to be noted as to their radical, cauline, drc. ; 
insertion f stalked or sessile ; possi^jjwion or deficiency of stipules ; arran^ 
nient, alte rnate, opposite, dc. : vomimsition^ simple or compound ; directim^ 
duratimi, texture, colour ^ and surfac^^ The blade of the leaf must then be 
describee? as to its general fomiy ouiHne^ base, apex, margins^ inode of vesta- 
(ion, ws/* i^especially in lelaiion to the stalk, if present). The sub^visious of 
a compound leaf iuu.st be ueafed in the same maimer as leaves. 

The or leaf-stalk In- to bo noted as to its fornty relative 

sizcy iV:c. tit {pules, ns fur as practicable, should be desscrib^j^ja 
manner to the leaves, as al>o should, inutatis rmUandis, m leapimds. 
In their case, as also in the ca.^e oi^ffoiver-hmh, the mode of vernation^ or 
of (tstivatim, as the case may be, should Ijp ascertained and le^fled. As 
regards the mjioresctmce, the pziucipal things to be consideiM are its 
jHisitum, direction, relative size os compared with the leaf, nature {definite 
or indefluite), ram^cation, form, number of flowers, dura^on. 

The flower-stalks follow tne same rule as the leaf-stalks ; but particular 
attention should be paid to the top of Ihe flower-stalk (the thalamus) 
to see whether it be flat, convex, or concave. The feroefsare described in 
the same maimer as the leave.s. In the case of the calgx and corolla, 
attention should be directed to their condrudim (cohesion), rekdive post- 
tion (adhesion), /om, direction, cdUmr, venation, surface, siae, absolute and 
relative, duratiotf, odour, 8 lc, 

Individual stpals or petals should iSb described in the same waj as the 
leaves* 

I 2 
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Stamens should be described with reference to their insei'tion (adhesion), 
cohesion (free or united), number y position^ arra?iffeniefU,size (with reference 
to one anotlier and to the other parts of the flower). Filaments present 
** similar characters to those offered by the leaf-stalks, and are described 
accordintrlv. A^ithers require attention as to their mode of attach^ 
ment to the filament, shape and number of their lobes, their mode of dehis- 
cence, colour, surf^e, the form and peculiarities of the connective and of 
any appendag^es that may be present. The form, colour, and distinctness 
or cohesion of the pollen-ffraiyks should, if possible, be stated. This is not 
always practicable unless recourse be had to the compound microscope, 
when other peculiarities, then visible, should be noted,, as will be further 
explained in the section on Physiology. 

After the stamens, the characteristics of the disk, if present, should be 
noted, and then those of the pistil as follows : — number of the constituent 
carpels, their isolation or cohesion and arrange numt, their adhesion and ?'ela^ 
tive position, form, cavities, partitions, and mode of placentation. The styles 
require to be noted with reference to their position, number, size {relative 
and ahsoiutei), form, surface, colour, kc. Similar remarks apply to the 
stigma. The ovules differ in their position, mock of attachment, number, 
form, &c. The fruit follows the sanae rules as the pistil ; but, in addition, 
the texture, mode of dehiscence, and Jiumber of seeds must he iiokMl. 

Seeds are described much in the same way as ovules, taking care not 
to overlook any of the peculiarities presented bv the coverings of the seed 
in thb way of hairs, scales, arils, and the like : the interior of the seed dlso 
requires special attention, to see whetlw» or not it he albuminous or exalbu- 
rntnous j if the fonner, the nature and quantity of tlie albumen should be 
noted,* and in any cdse, where poasible, the fium, position, direction, size of 
the embryo and its parts, the nature and number of the cotyledons, kc, 
should be accurately ascertained. 

^In the above remarks we have had in view a complete or nearly com- 
plete description. The student i.s recommended to take any plant he 
meets with, and endeavour to draw up a description of it with reference 
to the foregoing scheme. In this maniier he will familiarize himself wdth 
the main points of difference between one plant or organ and another, and 
will learn to apply the appropriate term to each iiiodilication. 

The subjoihea descriptiejn of the common white Dead-Nettle (Zamium 
album) is given as an illustration of a tolerably complete description of 
the external peculiarities of a plant; it may serve as a model to the 
student in drawing up similar descriptions. It is, however, advisable that 
he . do nqjt attempt too much at once. A bad or careless description is 
almost worse 'than nope at all; hence the beginner is recommended to 
make himself pretty thoroughly acquainted with the jKJculiarities of such 
organs as are mo8t> easily studied before passing on to organs such as 
ovmes &c., which require so'me considerable practice bgfore their structure 
and charsu^ristic features can m ascertainea. 

Lamium album, — A rather coarse hairy perennial, with a shortly cre(*ping 
stock, from the joints of which, especially on the lower surface, proceed at 
intervals numerous slender, fibrous, brownish roots. Stems 1-2 feet high, 
herbaceous, decumbent or ascending, fistular, four-sided. JOeaves exsti- 
pulate, opposite, stalked, the upper ones nearly seasile, membranous, 
hairy, ov«lte-acute or acuminate, coraate, coarsely and irref^larly toothed, 
unicostate, arch-veined, 2-0 inches long, 1-2 inches broad. Fetiole les-s 
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than half the length of the blade, channelled on the upper surface, rounded 
beneath. Flowers pi\re white, sessile, in axillary cymose whorls (verti- 
cillasters) of 6~10 or more. Cah/x campanulate, of 6 sepals, united below • 
mioQ>tuhe traversed by 10 ribs; limh divided above into five nearly equal, 
spreading, linear, ciliated segments, of which the uppermost stands sligntlv 
apart from the others. Corolla white, tubular, bilabiate, twice the length 
of the calyx ; iuhe curved, ventricose, as long as or longer than the calyx, 
scabrous inside, with a ring of hairs near the base j upper lip erect, concave, 
notched, hairy on the outer surface; lowei lip spreading, 3-lobed, the 
middle lobe broad and 2-lobed, the two lateral ones smaller and pointed. 
Stamms 4, didynamous, epipetalous ; filaments downy, springing from the 
upper part of the tube of the corolla, partially concealea within the upper 
lip. Anthers innate, 2-lohed ; lobes superposed, oblong, blackish, introrse, 
dehiscing longitudinally; amncctive covered with white hairs. Pollen 
yellowish white. Ovary small, truncate, 4-lobed, 4-celled, encircled at 
the base by a pale green, cup-like disk. Oeiiles solitary in each cell, ana- 
tropal. ^yh single, basilar, thread-like, as long as the corolla, termi- 
nating in a 2-lobed stigma ; lobes of the stigma short, oblong, pointed. 
Fruit of four, or fewer by abortion, 1 -celled, l-seedcd, indehiscent, olackish 
shining lobes or achenes. Seeds solitary, erect, inverted, exalbuminous. 
Embryo straiglit ; cotyledons large, plano-convex ; radicle short, inferior. 

828. Such descriptiotis are now usually given in a modem language 
whbn occurring in works descriptive of the plants of particular coun- 
tries &c. In general systematid^orks, or in isolated notices, pub- 
lished in periodicals or Transaefeons, the Latin language is usually 
preferred. 

820. Detailed descriptions are commonly given only where new 
species are established, or when an uncertain nomenclature is to b^ 
made clear and definite, in a monographic or a general systematic work. 
The classification of plants into genera, families, &c., in the Natural 
System, rendei*s the repetition of the peculiar marks of these groups 
unnecessai*}’ in the characterization of the subordinate groups or forms. 
For this reason, characters and diuynoses commonly replace the com- 
plete descriptions of species in ordinary descriptive botanical works, 
since, as the character of the genus includes tho^e peculiarities of the 
floral organs which arc common to all its s}>ecie«, and which con- 
stitute the bases of the genus, it is only rcfjfuisite to connect with 
each species the character by which the species are distin^iished from 
each other. 

• 

The following condensed description of the white Dead-Nettle, from 
Bentham’s ‘ Handbook of the Britisn FloA,’ will show how, when the cha- 
racters of the order and genus are known, a faitkful portrait of the species, 
and one comprising the most conspicuous features only, may be drawn up. 

A rather coarse baiiy perennial, ^dth a shortly creeping stock, and decum- 
bent or ascending branching steins, seldom above a loot high. Leaves 
stalked, boarsely crenate. Flowers pure white, in close axillary whorls of 
(h-1 0 or more. "Cal vx-teeth fine, long, and spreading. Tu^ ofthe corolla 
curved upwards, aiid longer than the calyx, with an oblique contraction 
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near the base, corresponding with a ring of hairs inside; the upper lip 
long and arched ; the lateral lobes of the lower one slightly prominent, 
ewith a long fine tooth.” Then follows ^ account of the stdion in which 
the plant is found, and of its geographical distribution throughout this 
countjry Bud the continoDt 

330. Having gfdned a general idea of what points are to be looked to in 
drawing up ft aescription of a plant, and having acquired a familiarity with 
the meaning and application of terms, it is particularly desirable that the 
student should be able to form an e.stiinate of the re/ative value and import^ 
ance of characters for practical purposes ; for iiistanco, those characters 
which serve to identifv and distinguish large groups of plants are of more 
conse<}uence than such peculiarities as pertain nierelv to small groups, or 
to individual plants. \Vith a view to fix the attention on the more im- 
portant or cardinal characters, those which are of most use in drawing up 
a diagnom of a plant or of a group of plants, a form of schedule is given ; and 
the pupil is recommended to mate similar ones for himself, and by their aid 
to up an account of the more important characters of any flowers he 
meets witn, cheeking them and compai-ing them witli the descriptions 

S ’ven in books, or witn the instructions of his tutor. These schedules should 
\ kept for comparison with others relating to other plants ; and by this 
method a practical insight into plant-construction, and the relfttion.«hip8 
of one phmt to another, mav be more speedily and thoroughly obtained 
than by any other means. The scliedides here insertetl by way of illus- 
tration are filled up from a Common Buttercup and 

from a Dead-Nettle {Lamium), The chanujter.s therein, given are suffi- 
cient to enable the.student to determine the to which the plants 
belong, which is the first and most important consideration, but they are 
not suflicient to indicate fhe ftill less the particular sjHfcies.* To 
discriminate these minor groups, recourst? mu.st be nad to the other pecu- 
liarities presented by the plants in question, as UTore detailed. 
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331. The generic character is perhaps tne most important element 
in Systematic Botany. It shoi Jd contain a shgrt description of tho 
^ peculiarities of the group, so as at once to characterize this as it 
exists in itself, and to furnish the moans by which it may be distin- 
guished from all other genera belonging to tho same division of the 
Vegetable Kingdom. That is to say, for a genus of Flowering Plants, 
the character should contain all that is necessary to distinguish a 
given genus from all other, genera of Dicotyledons, or of Monocoty- 
ledons, as the case may be. The following example of the character 
of the genus Campanula, Linn., as given in Endlicheris ‘ Genera 
Plantanim,’ will illustrate this : — 

Campanula, Linn. Calt/x with an ovoid or siibsphcrical tube adherent 
to the ovary, the limb superior, tive-h^thed ; the teeth either flat at their 
margins o/decurrent into lobes overlring the sinusc*s. Corolla insertetl 
at the summit of the tube of the calyx, more or h‘ss cnmpanulate, tive- 
lobed or five-toothed at the apex. Stamrm five, inserted with the corrdla ; 
filaments broadly membranaceous at tlie base, and, with the anthers, free. 
Ovary inferior, three- or five-celled : cells opposite the lobes of the calyx. 
Ovules numerous, on placentas projecting from tin* central angh*s of the 
cell, anatropous. Style covert^d with <j[uickly deciduou‘» hairs; ftiymas 

filiform. Capsule ovate or turbinate, Ji~5-celled ; cells bursting near 
the top or bottom by a parietal valve timnng upward. Seeds numerous, 
mostly ovate, flattened, more rarely ovoid and vtn’ small. Embryo 
orthotropous, in the axis of fleshy albumen ; cotyledom very short ; radicle 
next the hilum, centripetal. 

Perennial or annual herK^i, sometimes low and tufted, sometimes ere(*t, 
tall, many-flowered, diflused through all the temperate and cool regions 
fif the northern hemisphere, forming a great oniament to meadows and 
groves; radical leaves very often larger and more obtuw*, with h>ijger 
stalks; stem-leaves alternate, varying; flowers mostlv stalked, racemos<», 
rarely spiked or in clusters, very often rather large, blue, or womelimes 
white in the same species.’^ 

332. The first paragraph here contains the essential character of the 
genus ; the second paragraph is a description of the general characters 
of the species belonging to it, which is usually appended to such 
complete generic characters. 

It will be observed that this generic character not only enables us to 
distinguish plants belonging to this group, but describes the genus so hilly 
that we become acquaint^ with all its iiniportant peculiarities, while, 
being drawn up irrespectively of anv Order, alliance, (»f class, it is equally 
avaiiahje as material forany^afural or Artificial clfissification of Ilowef- 
ing plants founded on the floral organs, since it conUiins the insinuation 
requisite for ascertaining its relations. , 

333. The diagnosis of a genus i« more limited in its nature 
and pui^se. It is used, when genera are described under fixed 
systematic heads, simply for distinctive purposes ; and it is there- 
fore confined to denoting what is absolutely necessary for this pur- 
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pose. Thus, in Babingfton’s ‘ Manual of British Botany/ the genus 
Cmnpaimla occurs tinder tht* head of the Order Campanulaceae, the* 
character of which includes much of what is given in the generic* 
character of Campanuln, above cited; so that it suffices for the 
distinction of Campanufa from its allied genera to give the following 
brief abstract, or tfiagnosis : — 

Campanula. Cah/.v /i-parted. Cor. mo.-tly bell-shaped, with 5 broad 
and shallow segin<*n1s. Anthers free; Jilaments dilated at the base. 
Stiyma o-^^-fid. Capsule not elongated, d~o-celled, opening by lateral 
pores outside the segiuents of the calyx.’’ 

It is seen at once that this dlapnoRts fails to famish the 
complete notion of the genus which is obtained from the character t 
and that it docs not stiffieo to indicate the position of the genus, either 
in a Natural or Artificial classification. ^ On the other hand, for its 
own especial purpose, that is, of indicating the distinctions between 
allied gencuu, it may he even still more reduced, as is often done in 
works describing the plants of a limited distrir t, where only a few 
gcuiera occur in the Natural Order; for exumj)le, we might give 
diagnoses of the British genera of Campaiiulaccie in this way — 

A, C<.>rolla rotate, .segments linear: anthers cohering at the ha^'o. 

1 . Jasione. 

(’or(»lla ndate, with linear segments ; anthers fr<-e. 2. Phj/feuma. 

H. Corolla mostly bell-shap*‘d, with broad and shallow segments; an- 
thers fret*. 

C'apMule not (dongat**d, op<*ning by Intend pores outside the seg- 


ments of the calyx II. Campanula. 

( ’npsule linenr-<d)long, prismatic, opening by Intend pores be- 
tween th*‘ r.fgnient< <>f th»* calvx 4. SfHTularia. 

Capsule half-sup«*n >r, oj>«-ning^ W valvea within the st*g- 
inents of the calyx 5, IVahlcnbergia. 


BII5. The spicific {'hat'acier of a plant should contain all the con- 
stant distinctive pecidiariticH of h sjx'cies. On the one hand, it will 
exclude the generic characters wliich ally it to other species of the 
same genus; on the other, it should exclude the inconstant cha- 
racters which distinguish its own varieties. *But the character of its 
ordinary varietie.s, if such exist, may be given in a supptementary 
paragraph, like that appended to the full generic character. The 
distinctive oluiractors of s|K‘ciea are usually found in the organs of 
vegetation, as the root, stem, leaves, oracts, and inflorescence, or in 
the htihit or duration of the plant. The floral organs mostly only 
give specific characters in tludr less important peculiiirities — as in the 
shaix* and relative magnitude of the pc'Uds, the external characters 
of the fruits and seeds, he ., — -the more nmiarkable pecTdinrities being 
of generic value. The siipplometAaiy notices appended to the strict 
character of the species generally relate to the o^inary dimensions of 
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the plant, the colour, taste, smell, &c. of its organs ; these arc the 
.marks by which the varieties are usually characterized, as will.be 
« seen by referring to any catalogue of varieties of tho ordinary culti- 
vated vegetables. 

336. Linnaeus laid down a rule, that every specific character should 
be confined to twelve words ; but, from the increased number of 
species discovered since he lived, it is no longer possible to follow 
this rule in all cases. In recent systematic works tho characters of 
species have often been given at inordinate length, and in a manner 
greatly transgressing tho other more important rule, that they should 
contain no character that is not to be found in all perfect specimens 
of the plant. The specific character will necessarily vary in length 
according to the richness of a genus in species, some containing 
many hundreds, while others comprise but a single one. When the 
genus contains but a single* species, as the Hop (Ifinnuhis Lupulus), 
the generic character ^lone suffices for distinguishing it ; but a specifie 
character is even then given with advantage, indicating points which 
are not included in the strict generic character. AVhero a large 
number of species exist, the genus is generally broken up into artificial 
sections, characterized by some mark occurring regularly in a certain 
number, which are thus placed under one head; this saves the 
necessity of repeating that character for each species. It is also 
common in modern works to combine a diagnosis with the specific 
character, by marking in italics the especial distinctive marks of each 

species occurring in a particular group. 

« 

The following examples will make this more clear : — 

OfSf/nnf/aj L., only six species aredescribed in l)e Candolle's ^Prwlromus,’ 
being all that were known in 1841. The specitic charaeter of the common 
Lilac, Syringa vulgaris, could thus be given in a few words : — 

“iS'. vulgaris, L. Leaves cordate or ovato-cordate, quite smooth and of 
even colour ; limb of the corolla subcoucave.’’ ^ 

Four varieties are characterized, chiefly distinguished by the colours of 
the blossoms. 

Turning to the genus Campanula in the same work, wo find no less 
. than 182 species. Being a very natural genus, the species are kf*pt toge- 
ther under one generic name, but, for convenience, they are arranged in 
sections and subsections. Thus fifty-eight of them nm characterized by 
the presence of appenda^s on the sinuses of the calyx, such as we find in 
the garden Canterbury (Campanula Medium), while the ix^mainder 
are without these. The second'sectiun, of 124 species (among which are 
included all our native kinds), is further divided into sub^tions, cha- 
racterized principally by the peculiarities of the capsule, and these, again, 
into groups according to the kind of inflorescence &c , ; ^ that when wo 
come to the specific character itself none of these points have to be re- 
peated, and the definitions are restricted within very narrow limi^, as for 

C. rotundifolia, L. Badical leaves stalked, cordate, rounded, crenato- 
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dentate ; stem-leaves linear or lanceolate ; teeth of the caljs: awl-shaped; 
erect, one-third the length of the bell-shaped corolla/^ 

In a work devoted to a limited floya, as tnat of Britain, where there exist 
only eight species of Campanulaj we may adopt the sectional divisions, < 
and limit the specific character as above, or give a longer character, in- 
cluding the marks of the sections ; the latter plan is the better, where 
^ace is not an object, since it makes the character itself more instructive. 
Thus, in the ^ British Flora,’ we find — 

C, roUmdifolia^ L. Glabrous ; root-leaves subrotundo-cordate, crenste 
("very soon withering), lower cauline ones lanceolate, upper linear entire ; 
flowera solitary or racemose, drooping; calyx-segments subulate ; capsule 
drooping, with the clefts at the base.” 

In Babington’s ^Manual,’ on the contrary, where the subsections 
founded on the capsule are adopted, this mark is omitted in the essential 
character : — 

C, rotttndifoliaj L. JRadiad leaves cordate or reniform, shorter than 
their stalks ; stem-leares linear^ the lower ones lanceolate ; Jlmcers one or 
morc^ racemose ; corolla turbiuatc-campanulate. — Stem G-12 inches high. 
Radical leaves soon vanishing ; corolla blue ; cal vx -segments linear- 
subulate.” ^ . 

This example further illustrates the method of giving a diagnosis at the 
same time, by itaUcizing the characters by which the species is distin- 
guished from its nearest allies ; it also shows the maimer in which expla- 
nator}^ or dt*scriptive notices are added in a supplementary paragraph to 
the essential specific character. 

337* Lastly, if we have to deal with a limited number of species, 
such as the British Bell-tlowers, to which we have just referred, we 
may; for simple purposes of distinction, construct a diagnostic table, 
like that above given for the genera of Campunulacea). 

Flowern sessile, in terminal or axillary clusters ; cap- 
sule sessile, erect, with tin* port^s at the base . . C. ghmerata, 

Flowt*ra in racemes or panicles ; capsule stalked. 

Cjmsule nodding, with the pores at the base. 

53iowers in a unilateral raceme, si'gments of 


calyx ultimately refiexed . . . . ^ . C. raptoictdoides, 

blowers racemose, segments of calyx always 
erect. 

Peduncles 1 -flowered C\ lati folia, 

Pedunclas 2-3-flowered C Tracheliunu 

Flowers on long slender stalks, solitary, or in 

a lax few-floweri'd corymbose raceme • . C. i*oiundifolia. 


Cfpsule erect, with the pores just below the 
segments of the calyx. ^ f 
Segments of the caljTt entire. 

Segments of the calyx lanceolate, raceme 
lew-flowered, or flow^ solitary . . , . C. persidfolia. 
Segments of the calyx awE-sb aped, flowers 
in an erect racemose panicle . . . . C. Hupmictdm, 
Segments of the calyx toothed at the base ; 

Sowers panicled, erect, on long stalks • C. patula^ 
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338. A few of the general rules observed in writing descriptions 
of plants may be mentioned here, s^s explanatqyy of cei-tain techni- 
calities which will be met with in systematic works. 

339. The generic name is always commenced with a capital letter, 
whOe that of the species is usually written small ; but we find in 
most books a capital letter to the specific name, 1, where this name 
is the appellation of another existing or suppressed genus used adjec- 
tively, as Agrimonia JSupatorium, Mentha Pukgium, &c. ; 2, where 
the specific name is formed from a proper name, either as the genitive 
case of a substantive or in the adjective form, as in Scirpus Sav'd and 
Carex DavalUana. Specific names derived from countries are now 

-usually written small, as Sikne anglica. ’ 

340. When a generic character is written in Latin, the organs are 
all put in the nominative case ; in a specific character they are put 
in the ablative. 

341. When describing a species, it is usual to subjoin its habita- 
tion (Habitat) — that is, the nature of the places in which it is usually 
found, such as “ Woods,” “ Dry hilly places,” “ llivcrs,” &c. In 
general systematic works the native country or province is stated ; 
in works relating to limited districts, spccid localities are given for 
rare plants. 

342. Tlie following marks and abbreviations are commonly in use 
to indicate certain other points ; — 


^^orA san annual plant 

2 ;orB =a biennial, 
i orP = a perennial. 
Sh=;a shrub. 

T =ra tree. 


(5 , a male flower. 

a female flower. 

^ , an bermaplirodito flower, 
cf 5 , a moiKTecious plant. 
cf-5, a dioecious plant 


The time of flowering is indicated by numbers, referring to the 
months, as 6-8 or vi-viii=June to August, (kc. 


Many other sijms are met with in Systematic works, but tliey are very 
often used in different senses by different authors, so that no general ex- 
planation of them can be given ; moreover the sense in which they are used 
IS generally explained by the author. 
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CHAt»TER II. 

SYSTEMS OF CLASSIFICATION. 

Sect. 1. Aetificial Classification of Plants. 

343. An arrangement of all known species of plants in a series of 
classes constituted upon certain fixed principles, forms what is termed 
a System of Vegetables. 

It belongs to the history of Botany to describe the numerous Systems 
which have been brought forward, at various periods, for the double pur- 
pose of generalizing acquired facts, and of facilitating the diffusion of 
lK)tanical knowledge by rendering it possible to recognize plants which 
have already been described. In this work it is necessary to confine our- 
selves to a brief reference to some of the most important of the Systems 
which have attained general ciurency. 

344. The classification of plants by generalization, the Sjmthetic 
or Natural Method, is adopted in all oases in forming the groups of 
the lowest rank, namely Genera, These are established by the com- 
bination of a number of allied species under one name, on account 
of their affinities; and, as we have already mentioned (§332), the 
same genera are used in all Classifications. 

From this point Sy.<»tems diverge. The Nainral Method is pursued 
further on the same principles of generalization, where the object 
is to systematize acquired knowledge, and mark the agreements 
among plants. Where, on the other hand, it is chiefly desired to 
mark out the differences of plants, in order simply to their easy 
recognition, Artijieial Methods are resorted to, which are carried out 
by a principle of anali/sisy whereby the whole mass of known forms 
are taken i^nd gradually parcelled out into Ohisses, Orders, &c., accord- 
ing to their agreement or difiereiice in certain fixed characters. 

Most of the older systems were more or less Artificial^ the earliest 
commencing >vith the division of plants into Trees, Shrubs and Herbs, 
Land-plants and Water-plants, and the like. As advances were 
made, organs of more and more importance wore chosen to furnish 
characters ; and wo find plants subsequently classed by their corolUts^^ 
by their /nwV^, ic. ; but in none of the systems proposed before the 
time of Linnmus do wo find one given t principle carried out through 
the whole. 

345. When linnmns entered upon wonderful labours, there lay 
before him a mass of information in W very cnide Jind unmanageable 
condition. His reforaftng genius introduced order, in the first instance, 
by the substitution of short fixed names for species, on the binomial 
plan, by the definition and secure establishment of imperfectly cha- 
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racterized genera and .species, and then advanced to the necessary 
task of arranging the genera so as to render them rocognizable. The 
artificial methods founded on the floral envelopes &c. had proved 
inefficient; and therefore he turned to the essential organs of flowers, 
the physiological importance of which ho himself contributed greatly 
to establish. The selection of these organs resulted in the formation 
of an Artificial System in which a fixed principle is regularly carried 
out, and which, from the physiological importance of the characters 
employed, approaches in certain of its coordinations to a natural 
arrangement. 

Until the establishment of a true principle for natural Classification, the 
materials for which accumulated rapidly under the influence of the Lin- 
naean System, the latter received almost universal acceptance ; and it is 
still retained by botanists as a valuable key to the recognition of genera, 
especially by beginners in the science. ()n account of its own import- 
ance, therefore, and as the best example of the Artificial Method, a brief 
explanation of it must be given in this work. 

346, Species and Genera (§§ 308-313) form the foundation of all 
Systems. The object of the lintiman System was to arrange genera 
in groups characterized by simple striking marks, so that the exist- 
ing description of a given plant might he readily found, or the de- 
scription of a now plant might bo placed where it would bo easily 
referred to. Such marks Linnspus obtained in the essential or sexml 
organs of plants (in flowers, the stamens and pistils), whence his 
System is sometimes called the Sexual System. The highest or most 
general groups, which he called Classes^ are founded on the con- 
ditions of the stamens. These Classes are subdivided into Orders, 
founded either op the conditions of the pistils or upon semvlary cha- 
racters of the stamens. The Orders include the Genera (in large 
Orders grouped into sections according to various artificial cha- 
racters). 

Tlxe Linnman Classes are twenty-four in number, of which the 
first twenty-three include all Flowering Plants : the twenty-fourth, 
Cryptogamia, including all FlowerlesS' Plants, was a chaos when first 
established, and its subdivisions w'ere not then definable by single 
characters. 

- The following fables exhibit tho main features of the Linnman 
Classification. The technical meaning of the names applied to the 
Classes has been explained aHreadyiif the First Bonk, in the sections 
on the Morphology of the essential organs. Tlie w technical names 
of Orders requiring special explanation are noticed below. 
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Plants without evident stamens and pistils 
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Those Sjrngenesious plants which have solitary flowers, such as LoMuh 
Viola, &c„ are placed in the Order to which the number of stamens refers 
them (here Pentandria) ; so that the Class 19 corresponds exactly to the 
Natural Family of Compositae. 


The Linn^an Orders. 


Classes L to XIII. f 1 Pj^til .... 

The Orders formed Ji ^ 

■according to the 4 

number: — 1, of 5 

pistils when these 
are distinct ; or, 2, 7 

of styles of com- g 

^und pistils ; or, 0 

3, of the stigmas xo 

when no styles 11-12 
exist. ' iMorerthanl^ 


1. MonogjTiia. 

2. IXgvnia. 

3. TrigynifL 

4. Tetmgynia. 

5. Peiitagynia. 

6. Ilexagviiia. 

7. lleptagynia. 

8. Octogynia. 

0 . Knneagynia. 

10. Decagynia. 

11. Dodecagniia. 

12. Polygynia. 


The termination ^gynia is here used to express pistils kc., os ^andria is 
to express stamens in the Classes. The Orders above given do not exist in 
all the Classes, mostly onlv the first two, together witli one or other of the 
rest, in which case the ordinal number is modified ; for instance, if no Tri- 
pynia or Tetragynia exist, and Pentagynia does, this will follow Digjnia, 
and become the *lrd Order. 


Classes XW. & XV. ^ I Naked-seeded . . 1 . Gvmnospermia. 

The Orders formed (V * * I Covered-seeded . 2. Aiigiospermia. 

from the condi- [ Tetrady- j With siliciiles. . 3. Siliculosm. 

tion of the fruits. J namia, | With siliques . . 4. Siliquosm. 


The term Gymnospermifit, used in the 14th Class, was f >unded on an 
erroneous idea of the fruit of Luhint€B, BoragmacecOy and other families, 
which consists of a cnrcendm (§ 270) of f :»ur hard achsenia, regarded by 
Iinn(eu.s as naked seeds; while the A ngiospermia included the plants 
with a capsular fruit. 51ie terms Silicula dindL-iBUiqua are explained in the 
descriptions of fruits f§§ 274, 27^). 


Classe9XVL,XVH. 

& xvni. 

The Orders founded 
on the number 
and position ai 
«the stamens, like 
Classes 1.1^X111. 


6 free stamens 
6 

7 

8 
10 

12-19 

20 or more stamens on the 
calyx. , 

20 or* more stamens on the re- 
ceptacle. 


9y 

19 

more 


1. Pentandria. 

2. Ilexandria. 

3. Ileptandria. 

4. Octandria. 

5. Decandria. 

0.. Dodecttiidria. 

7. Icosandria. 

8. Polyandria. 
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XIX. 

( hrders formed ac- 
cordinp: to the sex 
of the tlorets con- 
tained in the same 
ea]>itulum. 


All the florets perfect and of 
, the same shape. 

, Capitules i*adiate ; disk-florets 
• li'rfect, ray-florets pistillate, 
all forinin<r seed. 

Like the last, oxccipt that the 
ray-florets are barren, 
llayflorets fei’tile, disk-florets 
barren. 

Hay-florets perfect, each floret 
with an additional “calyx” 
or iuvolucel. 


1. Folygamia 

aequalis. 

2. Folygamia 

superflua. 

3. Folygamia 

frustranea. 

4. Folygamia 

necessaria. 

5. Folygamia 

segregata. 


" The Orders formed according Names of the Orders 
to the number and position the same as those 
Classes XX., XXL, j of the stamens, like the of the Classes 

XXII. &XX1II. ] Classes l.-xni. , or accord- ' they imitate, 

ing to their cohesion, like 
I the Classes XVI.-XIX. 


The numlier of actually existing Orders is limited here to far less than 
all the possible cases. 


Class XX. 


r 1. Filices. 

r Divided according to Natural J 2. Musci. 

\ relationships into 'j 8. Algse. 

I 4. Fungi. 


847. Tho completeness of this Artificial Sj^stem is such, that 
almost every form of plant can be readily referred to a place in it. 
Unfortunately, however, tliis is done in certain cases at the expense, 
of natural affinities so close as those between the spoeiea of the same 
genus ; while in some instances it divides the individual examples of 
the same species. As it is contrary to the object of the System to 
interfere with generic groups, far less with the definitions of species, a 
clioicc has to be made in 8u< h cases as to where the forms in question 
shall stand — the charactt*r of the majority bf the species deciding tho 
place of a genus, and the charac U'r of the majority of examples that of 
a species. ^Moreover some of tho Classes are so natural as regards tho 
affinities of the constituent genera, that where^.as sometimes happens, 
exceptional genera exhilifi: a deviation from the artificial type,* a kind 
of compromise is made and the genus described with its true allies, 
a reference being made to it under the artificial -Class to which it 
strictly belongs. . 

A few examples will illustrate these points, which render the use of the 
Linna'an Svstem mort' difficult to beginners than is generally admitted. 

The garden Rue (JRuta gravedetis) has sometimes qiia ternary flowers 
with 8 stamens, sometimes quinary flowers with .10 stameiis. It is 
described by Linnmus in the Class Decandria; but it is necessary to 
include it in the table <)f genera of Odtandria idso, with a reference to th% 
place where the description b given. « 
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In the genus Festuca^ the species are usually triatidrom ; but F, uni^ 
glumis and others have but one stamen : consequently while the genus 
stands under Triandria in the System, a reference must be made to it 
under Monandria. Lepidium and Cardamine are genera of Tetradynamia, 
a Class of such closely associated genera that it corresponds to the Cru- 
cifersB of Natural Systems ; but L. ruderale is only known in a diandrotts 
State, and specimens of C. hirstUa are not unfrequentlv found tetrandrmtSf 
which cases demand similar crpss-references in the tables of genera. 

The Classes founded on tbe dwlinom conditions of plants are the least 
satisfactory of all. It is exceedingly common to find species with perfect 
flowers and other species with mofutctota or dtceciom flowers, in the 
same genus, as Lychnis dioica (in the 10th Class), 'Valeriana dioica^n th^ 
flrd Class), Rihes dlpinnm (in the 5th Class), &c., in genera whR« the 
species mostly possess perfect flowers. Bhnmmts catharticay dicecimts and 
tetrandrotiSy and R, Franyulaj perfect and pentandronSy represent that 
genus in the British Flora; while Urtiva dioica and U. urens furnish 
examples of congeneric species respectively diwcious and moficeciom. All 
such ca^s r^uire the same kind of cross-reference as above indicated. 

The.cnaractefs of the 28rd Class, Polygamia, an^ subject to the great 
inconvenience that they frequently require the examination of a largo 
number of specimens in order to make them out clearly. On this account 
many authors have discarded this Class, and distributed its genera among 
the others. 

The arrangement of the genera in Orders is accompanied by similar 
difficulties, which are met by the same rules, that the place shall bo 
decided by the greatest frequency of occurrence of a character in a 
species or genus, and that a cross-reference shall be made. 

348. In almost all modern descriptive works, the species are de- 
scribed under a Natural Arrangement ; and the Linnacan System is 
seldom had recourse to, except as a moans of furnishing an Artificial 
Key to the genera of a limited region. It has certain advantages 
for this purpose, arising from the difficulty of subdividing the Natural 
Families into sections which are not too few or too numerous, in 
making the first step of the analysis. By the Linnman plan, the 
Flowering plants of Britain, for instance, comprised in about 600 
genera, are at the outset distributed into 22 well-marked Classes, 
each of which is again divisible into from 2 to 7 Orders, after which 
the detection of the genus is generally very easy. 


S6Ct.«2. Natxjrai. Classification of Plaites. 

349. We have pointed out, in a former section, that the genera of 
plants are truly natural groups ; and, if their easential characteristics 
are clearly understood, there will be no difficulty in comprehending 
the scope and purpose of the Natural System of Plants. In this 
mlthod of dasstfying.we pursue the same path by which we arrived 
tt the genera, and proceed to combine these into higher and more 
general^igroapB, not according to arbitrarily chosen or isolated cha- 
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ractera, but according to their natural affinities— that is, the agree- 
ment in their total organization. Genera are thus gathered together 
into Families or Orders^ these into Glasses of higher generality, and 
finally the entire Vegetable Kingdom becomes marshalled into a few 
Provinces or Subkingdoms. 

It is evident from this, that a Natural System founded on a perfect 
knowledge of all existing plants would present to us a kind of aostract 
picture of the Vegetable Kingdom, in which. all its essential characters 
would be represented in their real proportions, places, and connexion. 
Not only, however, are we far from being acquainted with aD exist- 
ing plants (not to metition the numerous kinds now extinetb but the 
essential peculiaiities of a vast number of the known plants have been 
as yet but imperfectly studied. Hence we have at present various forms 
or plans for the Natural Arrangement of plants, presenting peculiarities 
dependent upon the amount of knowledge, or the peculiar views, of their 
respective authors j w'hich plans or Systtmis must be regarded as so many 
rough draughts or sketches, to serve as material for the elaborfttiou of the 
true and complete Natural System. As the principles of classification are 
fully recognized, and as the amount of plants thoroughly known is already 
\ery large, there is a close agreement m the general features of the dif- 
ferent Natural Systems,” and especially in the manner in which the 
Orders of plants arr defin(‘d. The chief diversities of opinion arise out of 
the difterent estimations of affinities and diftertmees of the families, which 
express themselves in a marked mamier in the mode in which the Classes 
or Alliances are formed. This will be evident in the examples we shall 
presently give of those Systtuus ” which have received the widest ac- 
ceptance. 

350 . We have said above, that plants are combined according to • 
the agreement in their total oi^^anization. But, to characterize the 
Natural Method more distinctly, it must be added that especial 
attention is paid to the estimation of the relative value of the dif- 
ferent characters presented by each plant, a determinate scale being 
formed, in which the organs are ranked according to their jjhysio- 
logical importance, the morphological complexity of their construc- 
tion, and their comparative invariability. 

Thus, while species of the same genus, distinguished generally by 
the external characters of their vegetative organs, are combined by 
likeness in their flowers, genera (in which difference of the fiord 
envelopes, or of the external character of the fruit, or some such 
character exists) are combined into an Order on account of the agree- 
ment in the stnicture of the ovary aiffi its relations to the floral 
envelopes. Tlie characters of seeds, and more particularly of the 
embryos, give a still higher divisional character. These characters 
of successively higher groups ore marked in organs of progressively 
higher physiological and morphological importance, affinities between 
such organs being proportionately ;fiore valuable. But they possess 
this value not merely on their own account ; for if that were the 
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^e, the method would be still to a great extent artificial : they 
indicate the coexistence of proportionate agreement in the total 
organization, which renders them exponents not merely of the affini- 
ties of the plants in respect to the particular structure to which they 
belong, but of all their affinities, and of the rank which a given plant 
holds in the Vegetable Kingdom. As a general rule, it is found 
that the agreement of the total organization of plants is generally 
proportionate to the physiological value of any given organs in which 
they agree ; or, in. other words, agreement in the structure of any 
given organ indicates general agreement in all the orgatis of less 
importance than itself. The agreement here referred to is of course 
a general structural agreement, a relation to a common tyi>c — not a 
resemblance excluding the multifold minor diversities which present 
themselvea within the limits of almost ever}' type. 

351. Practically, moreover, we have another principle to keep in 
view, which indeed, while it affords as it were the verification of the 
inductions of the above principle, is our sole guide in dealing with 
the subdivisions of the more comprehensive ty]>os. This is the rule 
that the closest affinities are marked by the agreement in the majo- 
rity of characters of equal importance ; or if the characters, as is 
more commonly the case, are of unequal importance, the principle of 
decision by the majority is carried out by ascertaining the propor- 
tionate values of the organs in which agreements and differenct^s 
exist, and striking a balance as with equal factors. 

Many of the older botanists had attempted to cons»truct a Natural Sys- 
tem; and Linnaeus left a sketch or fragment of one, in the form of a list 
of names of families without definitions, regarding its realization as the 
ultimate aim of Botany. Many of the families in these older Systems are 
grounded almost exclusively on “ habit,*’ or general external character. 
The two JussieiLs, Bernard and Antoine-Laurent, have the merit of the 
discovery of the only principles upon which a really Natural System can 
he foimded. And so accurately did A.-L. de Jussieu carry out these prin- 
ciples in his arrangement of the then existing genera, that the families 
which he established are still almost all re ceived into our present Systems, 
where some of them are indeed broken up into smaller groups, but where 
the greatest increase in the number of families arises from subsequent 
discoveries. 

352. The famijies of Jussieu consisted of groups of genera combined 
together upon the principles above enunciated. He established 100 
of them, defining them witlf exactness, and assigning to their cha- 
racters relative values, primary, secondary, tertiary', &c., and in this 
way he laid the foundation of the classifications now in general use. 

The characters of the natural Families established in this way will be 
found to be far less exact and definite than those of the Linmcan classes and 
orders, and by no means so rigid evAi as those of natural genera. The cha- 
racter of a family is founded on the totality of its essential characters, and 
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includes the essential characters of agr^ment of ail its genera. The generi| 
contained in most of the families exhibit a considerable range of differences j 
allowance must be made for these ; and this gives a laxity to the family 
character which is puzzling to the beginner. For example, the family 
lianunculaccae is very natuml ; but we tind in its character a certain range 
of difference allowed for in the sepals, petals, pistils, and fruit j the insertion 
of all these, however, and that of the stamens, is lixed, and so is the cha- 
racter of the seed. Similar conditions occur in most other families. The 
decision as to what family a genus is to be refyned to is made according 
to the principle of majorities : whichever it agrees with in 7no8t of its cha- 
racters (say, even three out of live), to that family it belongs. Great diffi- 
culty, however^ exists in certain cases from a vast series of genera running 
into one another by almost imperceptible gradations, and tnis in different 
direcliuiis. A considerable number of these agi*eeing ch)sely are associated 
into a family ; another similar group form another family, and so on ; and 
tlien, in the course of time, sundry intermediate genera present themselves, 
which connect the established families, and wliich it is difficult to place by 
the usual clioice in either one or the other, the characters being halancea. 
Thus the Natural family Loganiacea) is connected by ‘‘aberrant” genera 
with liubiacea?, Gentianaceie, Scrophulariaceie, and other families which 
art^ trulv natural, but whi(di in this way come to be separated by somewhat 
indetinite boundary-lines. 

Tile fact is, that the Vegetable Kingdom is a whole, the families and 
classes having seldom a distinct isolated existence, except in the minds of 
botanists ; and we must wgaixl them as analogous to countries on the globe, 
which are parcelled out under distinct names, but most often adjoin and 
run into one another, being only separated by au arbitrary boundary-line 
or frontier. Some, indeed, lie olVfrom the rest, like islands ; but these are 
the exceptions. 

Such exct*ptions are found among the families which were perceived 
and estnhli.shed by the older Ixitanists, in which the essential agreements 
are accompanied Cy a strikii^g character of external habit, as in the Grasses, 
the I’mhellilVne, the Gonipositas the Leguiniuosas the Conifene, the 
Palms, Such remarkable peculiarities as these families posses®, mostly 
prevent them being broken up into siualler groups, as has occurred to 
many of the earlier orders of large ext<*nt ; and most botanists prefer to 
distribute tliese genera into mhorthTs rather than disciuni .the charac- 
teristic general name. Examples of thes^i arc found especially in tlie 
l^eguminosce, Hosacem, and Composite. 

353. The Families or Ordt'rs are for the most part the same, in all 
essential respects, in all existing “ Natural Systems.” A considerable 
diversity presents itself in the inodes in which different authors have 
grouped these into Chme^ or A/liatiees, (m will be seen even by com- 
parison of the Tables of Eudlichcr and Lindley, given below. These*, 
however, are still Natural groups, as are also those of still higher 
generality indicated in the ch,apter on General Morphology' (§ 17). 
But all writers on Systematic Botany have found it requisite to group 
the Orders or Classes of Floweripg Blants into sections of somewhat 
less generality than Dicotyledons and Monocotyledons, as tliese re- 
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ipectively include series of families so extensive as to bo inconvenient 
in practice if left undivided. The members of these series, however, 
are so intimately connected together by their natural affinities, 
that it has been found indispensable to have recourse to certain arbi- 
trary or artificial characters for the foundation of the sections — cha- 
racters derived chiefly from the conditions of the petals and stamens. 
The nature of these Sections will be best understood from the 
examples which follow. . 

354. Jussipu established his primary divisions of the Vegetable 
Kingdom on characters which, although not altogether unexception- 
able, define- really natural groups, which are found under different 
titles iif all Natural Systems. The characters were the absence or 
presence of the rudimentary plant or embryo, and its structure when 
presdit, in the seed. On these characters stood the three divisions 
Acotyledons (plants without an embryo'). Monocotyledons^ and Dicoty- 
l^dons. The first of these names is bjid, as founded upon a negative 
chiMucter ; but the plants which it included were imperfectly under- 
stood in the time of Jussieu ; the Acotyledons correspond to the Cryp- 
togamia«of Linnscus, which are now by more complete analysis dis- 
tributed intp twQ, sections, divided by even more important characters 
than the Monocotyledons^ and Dicotyledons, The other two divisions 
are still retained, with very slight modification, in all Systems, but are 
subordinated* under divisions founded on more important characters. 

The following Table exhibits Jussieus arrangement: — 


. ■ THE JUSSIEUAN SYSTEM. 

Acotyledbns t Class I, 

* . r Stamens hypdg}'nous 

MonOpOtyledonS . j 


-1 


pengynous 
I o. epigyhous 
r Stamens epi^ynous 
^ „ pengynous 

nvpotrvii 


I Monopetalous 


Dicotyledons 


Apetalous 

„ nypogyiious. 

Corolla Iiypogynoiis 

„ pengynous 

^ C Anthers 

J coherent 

„ epigynous 

[ distinct 

I , rStamens epigynotts 

Polypetalous < „ hypogynous. ....... 

I 17 peng}»nous 

Diclinous, irregular 


IL 

III. 

IV. 
V. 

VI. 

VII. 

VIII. 

IX. 

X. 

XI. 

XU. 
XIIT. 
XIV. 

XV. 


'^The three primary divisions here are natural j the Classes must be re- 
garded as artificial; the Families, however^ into which the latter are 
divided, are natural groups, and \o a ^eat extent are retained in more 
modem systems. The Faniilies of Jussieu were more carefully defined, 
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corrected, and extended by Robert Brown, whose researches contributed 
most essentially to the establishment of the i^^atural System ^ but he did 
not attempt to establish any general plan for their coordination in Classes. ^ 

355. Aug. Pyrame Do Candolle endeavoured to classify the Vege- 
table Kingdom on principles more in harmony with the increased 
knowledge of the . structure of plants which had been accutnulated 
since the promulgation of Jussieu’s System. De Candolle’s System has 
become very generally used, on account of its having beep adopJ;cd 
in the great Descriptive work which he commenced, and which is 
still in progress under the superintendence of his son, the ^ Prodromus 
Systematis Naturalis Regni Vegetabilis,’ a description of all kn6wn 
species of plants. His primary divisions rested upon the constitution 
of the elementary tissues, plants being divided into Cellvlar and 
Vascular, The former were subdivided into Leafy and Leaflds ; the 
latter were subdivided into Eafogens and Endoyms. This classifica- 
tion is open to very great objfjctions. In the first place, the Jjeafiess 
Cellular plants staiid at a greater distance from the Leafy Cellulares 
than the latter do from the lower Vasculures ; and tte character is in 
itself an inconvenient one. In the next place, ' while the terms 
Exogem and Endoyens were founded on a mistaken idea of the 
structure of the stems of the higher plants, and were at the same 
time useless, as synonjmous with Dicofylpdons and Monocotyledons, 
the latter class was made to contain the higher Crj^togamia, the 
Ferns and their alhes, to which an embryo was mistakenly attributed, 
and which are essentially related to thj plants called by De Candolle 
Leafy Oelhdares, Those primary divisions of De CandolTe are there-* 
fore now discarded. * * ^ . 

His subdivisions of the Exogens (or more properly Dicotyledons) 
are retained in many works. They are artificial, like the ^Classes” 
of Jussieu, but are, like them, convenient for the disliibution of 
the families into groups of ]n?&iagcable dimensions. They ai*e four 
in number, and founded on charaelei-s of the floinl envelopes, viz. : — 
I. ThalamiflorcBy in which the petals arc distinefc, and (like the sta- 
mens) inserted on the receptacle (hypogynous) ; 2, Calyciflorcf.mdi 
the ixjtals distinct or coherent and (with the stamens) inserted on 
the calyx (perigynous) ; 3. Corollijlorir, with the petals coherent, 
and inserted on the receptacle (the stamens bein^ inserted on the 
corolla) ; and, 4. Monochlamydeas, or plants with a periantli, or a 
single circle of envelopes. » ^ ^ 

In De Candolle’s enumeration of the families, which had greatly 
increased in nuniber from Jussieu’s list, the reverse order of sequence 
is followed, the higher plants standing first. As regards this point, 
however, it is a nmconception to place the Thalamiflorof first ambng 
the Dicotyledoiis, since they are^attitostly inferior to the Calycifloroff 
and even to the CoroUiJhro!. 
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- DE JDANDOLLE’S SYSTEM. 

A. Plautae Vasculares seu Cotyledoiies0. 

Class I. Exooexjle seu Dicotyledone^i:. 

Subclass 1. Thalamiflomo. 

„ 2. Calyciflorie. 

* „ 3. CoroUiflorce. 

„ 4. Moaochlainydea), 

Class II* Endooene^ seu Monocotyledon e.e. 

Subclass I. Phanerogam®. 

„ 2. Cryptogam®. 

B. Plant® Cellnlares seu Acotyledone®. 

Subcla^ if FoHace®. 

„ 2. Aphylla^. 

The orders were arranged in groups or cohorts, and to a large extent 
are retained at present 

356. Billing the last twenty years a great many attempts have 
been made to distiibuto the Owlers more satisfactorily into Classes 
aud primaiy Divisions. Endlicher» Bartliug, Meisncr, Brongniart, 
* Lindley, and many other authors have published Systems of their 
ow’n.' That of Endlicher has been extensively used, and, moreover, 
Is the basis of arraugemcuf iii his great * Genera Plantarum,’ so that 
it iviU J5e hseful to give the priucix)al divisions here for comparison 
with others. I^ndley's views of cla.ssification have been modified in 
•successive works ; but as hi^‘ Vegetable Kingdom^ is the most im- 
portant general systematic work we have in the language, it is 
desirable to give the classification adopted in that volume. In both 
these Systems the primary divisions arc founded on cbaracters of the 
Vegetative organs*', and in both an attempt is made to group the 
Orders into small natural assembhigiis, cj^lled Classes by Endlicher, 
and Alliances by Bindley. A comparison of these will indicate some 
of the diversities of opinion which exist among botaiiists as to the 
affinities of the natural Orders. 

ENBLICHER’S SYSTEM. 

Begion l.« Thallophyta. 

. Sect. I. PRoi()pnYTA% ; 

. * ^ „ n. HlSTEftoPflYTA. 

E^on 2. Cormophyta. ^ ^ 

Sect. III. Ackobeta. 

Cohort 1. Acrobrya anophyta, 

. ' „ 2. Acrobrya protophyta. 

^ 3. Acrobrya ^sterophyta. 
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Sect, IV. Amphibbta. 

„ V, Acramphibrya. 

Cohort 1. OymnospermaB. 

„ 2. ApetalaB. 

„ 3. Gamopetalae. 

„ 4. Dialypetalae. 

The cohorts are subdivided into clajsses, and these again into orders. 


LINDLEY’S SYSTEM. 

Class I. Thallogeni^ , 

„ II. Acrogens. 

,, III. Bhizogens. 

IV. Endogens. 

„ V. Dictjrogens. 

„ VI. Gynmogens. 

„ VII. Exogens. 

Subclass J. Diclinous. 

„ 2. Hypogynous. 

„ 3. Perigynous. 

„ 4. Epigynous. 

A striking peculiarity of both these systems, Endlicher s and Lindley’s,* 
is the separation of the root-parasites, the Orders Dalanophorete, C}tinejB, 
and Hafllosiacwe, from the ordinary tlow'riiig plants, to constitute a distinct 
chifis, named Khizaiiths. We tigree with tin* views of II. Drown, Griffith, 
and I looker, who r<?gard such separation as unnatural^ and the combina- 
tion of those families under one head, on account of similarity of hahity as 
strongly opposed to their more essential cbarach?r.s. Dictyogens form a 
pTonp intermediate between exogens and endogens ; but by most botanists 
ft is considered that they prlain to the latter. In Inndley’s system the 
suhcla88(38 are divided into oZ/mwccs, comprising each a numbi^r of orders, 
for the limitation of which, as well as for a general history of the \Rriou8 
svstt‘ms of clossiticatiou that have lM*en pivpowd, we refer the reader to 
tlie ‘ Vegetable Kingdom,* au a^imirahleencyclopiedia on all points relating 
to .systematic botany and the iLses of plants.* fcsinco tho«pubhcation of that 
work, a very important 'svork on systeinat^ botany has been eqmmenced 
by ]\Ir. Deiithain and Dr. Hooker, Entitled ‘Genera Plantarum.^ This 
work, so far as at present published, compri^s a description, in I.*atin, of 
all the generi of Polypetalous exogens, together with analytical tables 
admitting of the ready determination, of any jiarticular genus. The plan 
followed un to this time ia a slight m^iieatiou of the Jussieuan arrange- 
ment, as follow’s ; — # 
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BENTHAM AND HOOKEE« SYSTEM. 

Class 1. Dicotyledoxies. 

Subclass I. Anoiospermeje. 

Group i. Polypetalce, 

Senes 1. ThalamifloTO. 

,, 2. Disciiionc. 

„ 3. Calyci flora}. 

Croup ii. Monopetalce, 

Series 1. Ovan’ inferior. 

^ 2. Ovaly superior. 

Group iii. Monoehhtmydecp. 

Group iv. Achlamydae, 

Subclass IT. Gtsixospeiimi:^.. 

Class 2. Monocotyledones. 

Group i. Pittiloideip, 

Series 1. Ovarj* inferior. 

„ 2. Ovary superior. 

Group ii. Olumiiceo!, 

ClsUM *3. Acotyledones. 

* Subclass I. Acrookxs. 

Subclass II. TllALLOUEXS. 

Subordinate to the series are coknrhf or groups of orders, of equal ^ alue 
though with different limitations, with the ullianrts of Limllev. The 
only noint which requires explanation here is as to the series Ihmjlorir^ 
wbiCD includes those hyp^^gjnous polypetalous exogeiis in whieli then? is 
a conspicuous disk or series of hypogvnous glands, int<?, within, or uuou 
which the stameqs are inserted. The following arrangement is that 
adopted by Professor Henfrey in the first edition of this work, with a 
few slight modifications inserted, with a view to bring it into hanuony 

witB other systems, and to enhance the convenience of the student : — 

• * ^ 

SYSTEM ADOITED IN THIS WORK. 

» V EG ETA RLE K fXODOM. 

Subkingtlom I. Fhanerogamia or Spemocarpia {Flowering Plants), 
Div. 1. iCNGiosPEKMiA. I Series 3. Apetato. 

Ctasa 1. Dieotyledones. * j Subclass 4. IjicompleUc. 
Series 1. Polypetala. ^ j Class 2. Monocotyledones. 
Subdaes 1. Thalamiflone. | Suficlass 1. Spadiciflonc. 

„ 2. Calyciflonc. : „ 2. IVtaloideie. 

Series 2. Gamc^talss. • ; » Gluniiferm. 

Sttbelaea 3. CoroUiflone. | Div. II. Oymkospeumia. 
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Subkingdom II. Sporocarpia or Cryptogamia {Flowerless Plants), 
I)iv. I. ANoiospoBiB. Div. 11. Gtmnospob^. 

Class 1. Sporogamia. Class 1. Hydrophyta. 

„ 2, Thallogamia. „ 2. Aiiropliyta. 

„ 3. Axogamia. „ 3. Hysterophyta. 

In the following systematic dascription of the Xatural Orders, the 
characters of the most important are given at length, with the necessary 
particulars respecting their affinities, geographical distribution, and the 
qualities of the more impoi’taiit plants they contain. To most is prefixed 
a short diagnosis; and a|lmilar diagnosis, or a few explanatory remarks, 
printed in smaller type, are accorded to those Orders wliicdi either are not 
marked by very decided characters, or which do not demand so much 
attention from the beginin*!. In most cases the views of other botanists 
as to the position and limitation of the groups are briefly mentioned. 
IJinler each (Jrder are pbu ed the names of one or mure genera which 
furnish good illustrations and are geiu*rally accessible for practical exami- 
nation. Cbimpara lively few figures are given in this part of the work, 
since it must ne strongly impressed upon the student tiiat actual exami- 
naliun of plants is absolutely necessary for the acquisition of available 
knowledge of characters ; and the substitution of drawings for descriptions 
ill t b'inentary works tends to encourage a superficial manner of examining 
plants, and to render the ideas connected with the individual Orders too 
abstract ami too much limited to particular forms. 

An artiliidal Key to the principal Natural Orders will be found at the 
end of the descriptions of the < iruers. 


CIIAPTKR III. 

SYSTK^LVTIC DESt lUPnoN OE THE NATURAL ORDERS. 

THE VKOETARLK KINGDOM. • 

SiiiKiNODOM L PHANEROGAMIA, or FLOWERING PLANTS. 

Plants producing stamens and pistils, and seeds containing an 
embryo. 

Division I. Angiospermia. 

Flowering plants, with the ovulc.s formed in closed ovaries. 

Class I." DICOTYLEDONES. ' 

Angiospermoiis Flowering Plants, with stems having pith and bark 
separated by a compact layer of wood, which, in perennial plants, 
receives annual additions on the oytside, iKmeath the bark ; loaves 
with the ribs mostly distributed in a netted pattern and generally 
diminishing in siase as they brunch ; parts of the floral circles mostly 

k2 
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5 or 4, or some miihiplc of those numbers, rarely 3 ; embryo with a 


Fig. sas. Fig. 330. 



O' 


Fig. '^'2^. leaf of a Dirdtyledoii. 

Fig. Quinnrv iilan of the flower. 

Figs. 3.10 Sc .'1^11. l>tt‘otyl«Jouo us riubn os. 


i-ig. :5;w. 




SoJfel«<w#>< of 

Fitf, 332. Tlittlamiflorw * Fig. f'ftlynfior.T f 

Calyc'iXloiW (/Vvnw^). Fig. iBC>. OmtUlflunc itSSfwjsAj^uiw). 

Frg.*33<l. IncoDapletA (Monochlai»yij|i>«) (f/ViAK*;. 
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pair of cotyledons, and a radicle which is developed into a tap-root 
in germination. 

Series 1 . Poljrpetalas. 

Petals distinct, rarely absent or united. 

SuKCLABs 1. TIIALAMIFLOR^. 

S57. Dicotyledons having mostly both*calyx and corolla.; calyx 
free (not adherent to the ovary) ; corolla composed of distinct petals, 
which, with the stamens, spring from the receptacle (hypogynous). 


Order 1 . IIAXUNCULACE.E. The Crowfoot Order. 


Polycarpica', lutd/. All. Raiiales, Limll. Cohort. Rauales, 

Jlt nth. et Hook. 

Dlf/ffiiosis.- -IFerlvs (or climbing shrubs) with a colourless 
acrid juice; leaves alternate, rarely oi)po.site, simple or deeply 
divided: leaf-stalk otttai sheathing at the base; flowers regular or 
iiTi'giilar, ]M»lyp'. ta]'»us er oceasionally apetaloiLs, with the calyx 
]ataloid; the s('p;ds, petals, n\imermis stamens, all distinct and 
liypogynoiis ; carpels, many or few (rarely solitary'), all distinct*, 
sec'tl alhiiniinoiis ; embryo small. 




T\^. Acht*n<* of Jtanunrvluf, out v^ rtirnily to vhow thr with an embryo ftt th<» hfkB^ 
ofolbunirn. • , > 

FIow'it of Ai’4>tnO', sitU' new. »*howrntf ihr irregular ivtaioia cjiItx. 

Fi^. Thi* a«mo, with tho remortnl, ‘ihowini; the ai‘A»nue« ju'w# and the numerout 

hyi'Ojjynou* ttOnuvntt. 


Glut racier, 

Thiilnmns convex or dat, often clonpatCMl, very rarely concave. 
i'ithjx green or petaloid, regular or irregular (tig. 338); «Cjp€j^3-4, 
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hypogynoiis, deciduous, occasionally persistent, usually imbricated 
in a}stivation, sometimes valvate or induplic^to. 

Corolla: petals 3-15, distinct, hypogynoiis, in one or more rows, 
sometimes deformed (fig. 339) or wanting. 

Stamens indefinite, or very rarely definite, hypogynoiis ; anthers ad- 
nate, bursting longitudinally. 

Ovaries several or few, simple, 1 -colled, distinct, or very rarely 
coherent below to form a compound mauy-celled ovaiy; styles 
simple ; cells 1- or many-seeded ; placentas at the ventral sutures ; 
ovules anatropous. 

Fniit : a collection of dry achenes, a 1- or few-seeded berry, or a 
circle of follicles more or less coherent below, bursting at the 
ventral suture ; seeds solitary, erect or pendulous, or rarely hoii- 
zoTital in two rows : embryo straight, minute, in the base or within 
the apex of homy alhumm (fig. 337). 


Illustuatiit: CUinkua. 


Tribe 1. CLEMATn>F.A5. Mostly ’ 
clhnbiny pl/mts with (rpposite learrx. 
Calyx valvate or inclupUcate ; fruit 
of achenes f luniaUy surmounted by the . 
persistent and plumose style. 

Clematis, Z. 

Tribe 2. A.vemoneje, Calyx mu- 
ally ifiolourcd^ imbricated ; achenes 
sometimes tailed; seed inverted. 
Thalictnini, Tmmief, 

Anemone. Haller. 

Adonis, DC. 

Tribe 3. Ranuxcule-i:. Calyx 
imhriceded ; achenes net tailed ; seed ! 
erect. j 

Ranunculus, Z. I 


Tribe 4. 1Ielleiu>hk.e. Calyx 
imbricated : petals irreyular or none ; 
fruit of many-Sieded fnlUeleSy more 
or le.^s coherent f rarely baccate. 
('ultlm, L, 

Helleborus, Adans. 

Nigel la, Tournef. 

Aqiiili*gia, Tournef. 

1 )cl ph ini tim. Tournef. 

Aconituin, Tournef. 

Acuea, Z. 

Trib<' o. P.EOMK.E. Calyx im- 
bricated ; petals Jlat omnone; carfH‘U 
forminy dehiscent pods, surrounded at 
the base by a disk. 

Pa*onia, Tournef. 


Affinities. — The characters which are almost univei-saliy found thnmgh- 
out the genera of Ranunculaceac are the free sepals and petals, the inde- 
finite stamens, the inverted ovules, and the presence of albumen. Noms 
of these, taken separately, are absolutely characteristic of the order, 
though collectively they are of the greatest importance, Tlio other cha- 
racters are all more or less inconstant or variable throughout the order, 
some of the genera possessing tlu in, others not. The conditions of the 
calyx and corolla, and also of the ripe fruit, are not only normally very 
yafied in the different genera, but are readily affect€d'and altered by 
cultiTation. The affinities of the Order are somewhat complex: the 
stmeture of the essential organs allies them closely to the Magnoliacea) 
and Dilleniacea?, the former of which, however; have distinct stipiiles, 
yhile the latter have arillate sedds ; and both differ in habit, Some 
.^nem ai^ cloeely related to the JBerberidac^fis, from which, however, 
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they differ in the indefinite stamens and in the sutural (not valvular) dehis- 
cence of the anthers. From Nymphieaceic and Papaveracem, which they 
resemble in certain respects, they are distinguisned by their distinct 
carpels, and iu the case of the Poppies by their watery (not milky) juice. 
Uelations exist also with some Cdyciflone, as with Kosaceee, from which 
the present Order is known by its hypogynoua stamens, the abundant 
albumen of the seeds, and the general properties. Sheathing bases of the 
leaves, resembling adnate stipules, occur here and in Umbelliferae, and 
tlioy somewhat resemble the stipules of Rosa, A kind of representation 
of this Order occurs among the Monocotyledons, in Alismaceae, where 
the free carpels and tlui habit give a resemblance to those Ilanunculacem 
which have a t(‘niary calyx. '"Phe Pa*onies approach the Nymphaeaceae 
in tin* disk, which is remarkably developed in r. Mouiany almost entirely 
enclosing the carpels ; the stamens of Pieonies also are, owing to a slight 
excavation of the receptacde, perigynous rather than stricHy hypogjiious. 

Number and Distribution. — 'Uns Order contains from 30 to 4(5 genera and 
a largt? number of species, which latter are most abundant in damp, cool 
climat(‘s, and are scarcely m(‘t with in the tropics, except on mountains. 

Qualities and Uses. — The plants of this Order generally possess acrid 
and more or less narcotic-acrid proptTtics, some being virulent poisons. 
The poisonous pro]a rty resides in the wat rv juice, and is in most cases 
volatile, and capable of dk’^ipation bv heat, or even simple drjnng, and by 
infusion in watt r. Ii appears to be heightened in power by acids, spirits, 
sugar, i!tc. The sj)(‘cit s of Rmunmdm (C'rowfoots or Buttercups) art* acrid 
when fresh, esp<*cially R. scekratm and R. Flammula. Similar properties 
prevail in llie tribes Ch ittatidrcp and Anemonece, The HeUchorcfe are the 
most a(!tive of the Uanunculactta', the .specit‘s of Aconitiim (Monkshood) 
being among the most dangerous of poisonous plants, and containing an ex- 
tremely powerful alkaloid, aconitina. The spt*cies of this genus appear to 
difier in the quality of llieir juit es when grown under varied conditions * 
somewhat like the. Hemp plant, since the roots of the most poisonous of 
them are said to be eat<*n with iiiipiuiity in the higher parts of the Hima- 
layas. The suwies of .\conite have (>e<‘n much contused by botanical 
writers: A. Napellu^ and A. Cammarum (panicuhtum) are well-knowm 
poist)nous hluropean Monkshoods; and, according to Dr. Hooker, the cele- 
brated Bikh ” poison of India is obtained indiscriminately from A, Aii- 
pcUuSy luruhwif and pahmtum, as ” well as from A.feroXy L., which was 
su]>po8ed to be the sole source. The yellow A. Lycoctmum of Central 
Europe is far less active. The si^hIs of Deiphinium Staphi^iyria (Stavos- 
acre) are drastic purgatives and emetics; the IlelK^bores, HeiIA»on/s niyery 
orientaltSy and fa fula esjiecially, art* likewise ^’iolent evneuants, and the 
Pieunies fall into the same cattfgory. The berries of the Actect are poi- 
sonous. Some of the milder plants" are used as tonicai on account of the 
powerful bitt<*r they contain, as the Yellow-root (Hydrtutti^ canadetuns) 
and the Oold-thraad ( CoidU tn foluda)y botu North- American plants. The 
pungent seeds of NiycUa mtiva were formerly tised as pepper. 

Many of the llanunoulacoic are favourite" gfqrden plants : for example 
the species of Clematis, AnetnoMy Rantmculus> Eran^is (\Vmter Aconite), 
llelleaoraSf NtgeUa, Aq^egia (Columbines), Dtiphmmn (l-arkspurs), 
Aconiium (Monkshood^, and Foonuu Many of them reaolly h^ome 
double under cultivation, 
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SYSTEMATIC BOTANY. 


Order IL DILLENIACHiE. 

Oass, Polycarpica?, JEndL All. lianales, Limll. Coh. Ranales, 
Benth, et Hook. 

359. Diagnosis . — Trees or shrubs with mostly alternate and 
leathery leaves, destitute of stipules ; an imbricated 5-merous calyx 
and corolla (the former persistent) ; numerous hyj)Ogynous stamens ; 
2-5 distinct or rarely coherent carpels (sometimes 1) ; seeds several, 
2, or 1 by abortion, arillato ; albumen fleshy. 

Illustrative Genera. 

Dillftiia, L. Candollea, Labill. 

Ilibbertia, Andr. Ilemistemma, Commtrft. 

Afiiiilties. — Connected with Ranunculace<'e by many important points 
of strijcture, these plants ai*e at once distinjriiishahle by the arborescent 
habit, the persistence of tlie calyx and the stamens, and the arillate seed ; 
they are eyen nearer to the Majrnoliaoeie, but have no stiniiles, and the 
plan of the flower is here 5-merous j they are also related to the Ano- 
naceoe, which, however, have a valvate calyx and ruminated albumen. 
Some of the genera (Ilemidemmay Pleuraudra) have all the* stamens on 
one side of the flower; others have thfin united into separate bundles. A 
relationship betweijn this Order and the Temstrauuiaceto is established 
by the genus Sauroja. 

Number and Distribution. — A small group, the species of which are 
natives chiefly of India. South America, and Australia; a few also of 
iXirica, between the tropics.* 

Qoalltiefl and Uflcs. — The general character of this ( )rder is astringency, 
which renders some of them valuable in Jirnzil. Some of the Dillenuf 
are valued in India for their achl juic»‘s. 

Most of the species of Dillmia are very handsome, both as to foliage and 
blossom ; and some c^f the larger kin<ls yield lianl, durable timber: several 
species are cultivated in large collections of stove or green hoiise plants in 
tnis countiy, where they are evergreeu'shrubs; Dvlima and Tvtracera ar«» 
stove climbers. 


Order III. MAGNOLIACILE. 

CloM, Polycarpicce, Endl. Ad. Panales, Lindl. Coh. Ranales, 
Benth. et Hook, 

i 

360. Diagnosis . — Trees or shrubs, with the leaf-buds mostly 
sheathed by membranous stipules ; leaves alternate, simple ; flowers 
regular, polypetalous, hypogynous, polyandrous, polygyiioiis ; the 
calyx and corolla coloured alike, in three or more 3-merou8 circles, 
imbricated in the bud ; fruit of mrtnerous dry or succulent, dehiscent 
or indehiscent carpels ; the seeds often with a fleshy testa like aii 
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aril, and suspended by a long funiculus; albumen fleshy, homo- 
geneous. 

iLLrSTllATmC GI2NT2IIA. 

Tribe 1. Magnoltejr. Carpels Tribe 2. WiNTEiiE-iE. Carpels in 
nrramjed m a cone; leaves scarcely a circle ; leaves with transparent dots ; 
dotted. ^ stipules often wanting. 

Magnolia, Z. Tirirays, It. Br. 

Liriodenclron, Z. Dliciiim, Z. 

Affinities. — Closely related to Dilleniaceie, this Order is distinguished 
by the ;l-iiierous How(*rs, and in many rases bv its 'stipules ; from the 
• Anonaci'je it is separated by its imbricated corolla and its homogeneous 
albiinuii. 'I’Ik} convolute stipules enclosing the leaf-buds of Magnolia 
remind us of tlu' stipules of I'icns and other Urticace?e. The character of 
the dowers indicates a relationship with Schizandraceoe, which, indeed, 
are combim‘d with tlieun by llentham and Hooker. 

Number and Distribution. — A small group, the greater number of which 
belong to the Soutliern h'tates of North America ; some occur also -in the 
We<<t-India Islands, in .fa])an, Chinn, and India. Dritngs find Tasmannia 
helong to the evtrmue .south of South Ainenca, to Australia, and New 
Zealand. 

Qualities and Dses. — Bit ter tonic properties in the hark and excessively 
fragrant blossoms jm- the most striking (|ualilies of the plants of this 
( >rder, which are miielly handsome trees or shrubs, with oroad shining 
foliage and oftiui very large tl« wers. The barks of Magnolia glauca . grandi- 
flora. Frazeri. kc. are used ♦‘Xbuisively in the I'nited States as aromatic 
tonics; Miehelia tnont<nia^Ara)>oslendr(tn elegans.aml Liriodendron talipifera 
have similar properties. 'I'lie odour of Magnolia grandifiora, couinionly 
cultivaU'd in tliis country, ami of M. ghtuca and M. tripetaia^ is so powerful* 
as to )K?conK‘ vor^' <>pj>rcssiv<* in close phu'es; the last two often induce 
headache, and, it Is said, sickne>s, and even h^ver. The speciesof Illicium 
are aromatic: Jllicwm Star- Anise, is so calk'd from the flavour 

t)f aniseed in the whok* plant, especially the fruit, which yields an aro- 
matic oil. l.Jloridanaw has -^iinilar prt)pertie'«» ; and the seeds of I. rc/i- 
gio.'ium are burnt in their temples by the Chinese for incense. The hark 
called Winter’s hark is tliat of Ihimgs Wiittiri\ and other s]XH;ies (»f 
Drimgs and Tasmannia have similar aromatic and tonic properties. Some 
of the larger species of Magnolia. Miehelia^ and other genera are valued a^i 
timber tr(*es in India. Mliny plants of this Order are cultivated in this 
country on account of their beauty or fragrance ; some are hardy, avS various 
Magnolias and the Tulip-tivo {Liriodendron) from North America. Some 
of the Chinese and flimalayan Magimlia.-* have deciduous foliagx' and 
mngnifleent flowers, such as M. CampheUi jyid M. Yulan ; others are grtnui- 
liouse or stove shrubs, such as the species of Illicium and the more tender 
Magnolias. 


K o 
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8TSTEKATI0 BOIAmr. 


i^EDEE TV. ANONACE^. The Cpstaed-Apple Obdee. 

C/a^fs. Polycairpicoe, All. Ranales^ Lhidl, Coh, Kanoles^ 

Senth. et Hook. 

361 . Diagnom . — Trees or shnibs with naked buds and no stipules ; 
thalamus usually convex ; calyx of three sepals ; corolla of six petals 
in two circles, usually valvate in the bud, hypogymous, sometimes 
coherent ; stamens with an enlarged connective, mostly indefinite, 
on a large torus ; carpels usually numerous, separate or cohering ; 
seed with iiiminated albumen. 

iLLusTnAxm: Gexkra. 

Booagea, St.-IIil. Diigtietia, St.- HU. 

Xylopia, L. Anona, L. 

Ilvana, L. Monodora, Dun, 

Alltnitiefl. — This Order is separated from the Magnoliaccfc in general by 
the absence of stipules, the valvate aestivation of the corolla, and the form 
of the anthers ; but stipules are not universal in the Magnoliaccoo, nor is 
the corolla always valvate here. The most chftractc*ri8tic features in the 
Anonaceae are the trimerons flowers, the double corolla, the fonn of the 
anthers and carpels, and the ruminated albunuui, whi(‘h latter indicates a 
relationship to theMyristicaceoe, an apetalous Order. Several remarkabhj 
deviations from the general character of the Order exist, such tus the cohe- 
rent condition of the hom-like petals in ItolUnia, the definite number of 
^stamens and carpels in i?ocff(r/co (which is related to the lb rheridoceie and 
the Menispemiaceje), and the concave thalamus, the sepals and petals com- 
bined to form a hood, and the perigyuous stamens oi Eupomatia Uturina, 
Monodora has a single carpel. 

Number and Dietributlon. — A not veiy' numerous family, the species 
are natives of the tropical regions of Asia, Africa, and ^Vmerica. 

Qualities and Uses. — The Anonacem are allied to the Magnoliaceic hy 
their general aromatic and fragrant properties. The dry fruits are mostlV 
aromatic and pungent, while the succulent kinds are sweet and agreeable 
esculent fruits. Tlie Custard-appies, Swtuit-sops, and 8oiir-sops of the 
West Indies, and the Peruvian Cherimoyas are the fruits of species of 
Anona. The fruits of Xylopia armnatira are used as pepper by the A frican 
negroes (Piper (sthiopicuin), Monotlora Myrutica, tiie Calabash Nutmeg, 
has qualities resembling the true Nutmeg. T.ance-wood, used for making 
shafts, bows, &c., fs said by Schomhurgk to he the wood of JhtguHia qui- 
tarems. Some of the species of Anona ^ UvartOy Xtflopiuy &c. are some* 
times cultivated in stoves in this country, forming e vergreen shrubs. 

(The Monimtacejb are aromatic trees or shrubs with opposite leaves 
without stipules ; flowers axillary, diclinous ; perianth in 1 or 2 circle^, 
tubular below; stamens numerous, in the tube ; ovaries several, free, and 
distinct, enclosed in the tube of ^e perianth, 1 -celled, 1 -seeded; seeds 
pendulous ; embiyo minute, on the outride of abundant fleshy albumen. 
iTiis is a small Order of plants belonging chiefly to South America, but 
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occurring also in Madagascar, Java, Australia, &c. ; sometimes combined 
with the next family, and usually referred to the neighbourhood of 
Lauracece, from which they are distin^ished by their apocarpous ovaries, , 
but, like the Atherospermaceac, standing properly in tne vicinity of the 
Anonaceae, along with Myristicaceae ^ for some genera are dichlamydeous. 
They are also relate^d to Calycanths and Roses, out they differ from these 
Orders in their opposite exstinulate leaves and albuminous seeds. Bentham 
and Hooker place them nearMagnoliaceae, to which their aromatic proper- 
ties ally them. They are not of importance economically ; the fruit of 
Jioldoa is eaten in Chili. Genera : Moyiimiuj Thouars j Ciirostnay R. & P. ; 
Boldoa, J uss. ; Horionia^ \V ight.) 


Order V. MENISPERMACEiE. The Moox-seed Order. 

Chm, Polycarpica), AIL Menispermales, Lindl. Coh* Ranales, 

lienth. et Ilook. 

3C)2. Diar/nosis, — Woody climlwjrs, with palmate or peltate alter- 
nate leaves, without stipules : flowers dioecious, rarely perfect or 
polygamous ; sepals and petals similar, in three or more circles, 
imbricated or valvate in the bud ; stamens usually G, opposite the 
sepals and petals; pistil 3-G-gynous ; fruit a 1 -seeded drupe, with a 
large or long curved embryo in scanty albumen. 

Illustrative Genera, 

Anamirta, Caleb, > Cissampelos, L, 

Jateorrhiza, Miers, Cocculus, DC, 

Menisperinum, Touruef, 

Amiiities. — This curious Onler is related to the Anonacero and tbeBer- 
b(*ridacea; t'urough Bovaijvo^ j^'^ppcially when the flowers are perfect. Its 
nearest neighbours are Lardizahalacete and Schizaudraceoe, with which 
the plants agree much in habit. All tlicfse approach the Magnoliaceae ; but 
the iiabit, the geuernlly unisexual flow’ers, and the absence of stipules 
sopanite them from that family. 

This Order is very heteromorphous in almOvSt all parts of its structure. 
The peculiar organization of the wood deserves attention, as does also the 
foliage. 

Number and Distribution. — A somewhat numerous group, the species of 
which are natives of tlie tropics of Asia* and America, forming woody 
climbers of great size in the forests. A few are found in more temperate 
regions, but none in Europe. 

QuaUties and Uses. — Narcotic and bitter brop<^rties of considerable power 
occur in this Order. Cocculus Indicus, ’^containing the poisonous prin- 
ciple picrotoxine in the seeds, consbts of the berries of patn^ 

culalay J(Ueorrh(sa fumislies *lCaliimba-root different species 

of Cimampelos^ especially C, Pareira (" Pareira brava are used as tonics 
and diuretics. ^ 

Species of Cocculus and Cissampelm are grown in stoves in this country ; 
some of the North- American Menisperma grow as hardy climbers here. 
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Order VI. LARDIZABALAGEiE. 

363. A small group, referred by Benthani and Hooker to Borberjds, and 
by PeCandolle to Meniaperms. From the fonner they differ in their 
diclinous flowers, monadelphous stamens, sutural dehiscence of the anthers, 
and more numerous ovaries* From the latter they differ in their more 
numerous ovules and small embryo in copious solid" albumen. 

Illustrative Genera. 

Hollboellia, WcdJ, | Staiintonia, PC. | Lardizabala, Huiz et Pav. 

. The species are mostly from the cooler parts of Asia and Soiitli America. 
The berries of some ai‘e edible. TloUhaUia and Sfavntonia (Nepal) have 
been introduced as greenhouse evergreen climbers. 


Order VII. SCHIZANDRACE.E. 

364. A small family regarded by BiUitham and Hooker as a tril)** of 
Magnoliacea? (see p. 201), from which they differ nu'rely in their cliiiihiii' 
habit, exstipulate leaves, diclinous flowers, and fle. hy 2-3-s5t*eded cartel 

Illustrati^t. Genera. 

Kadsiua, Jusa. Sph.'orostema, Blum. 

Hortonia, Wight. Hchizandra, L. ( \ Bich, 

^ The species belong to India, .Japan, and the S. I'nited States. They 
are insipid and mucilaginous. Schizandra coccinea (North AnuTica) is a 
handsome greenhouse plant j Sphcero.deuui (Nepal) has been intrfHlucid 
in stoves. 

(A small Order of East-Indian plants, Sariace.e, arc related to tlie 
Menispermacem in the circumstance that the sepnls, p»*tal.s, stann ns, and 
ovaries are all placed opposite'’ to each other, hut lliey hav»? •'I-iiutous 
hermaphrodite flowers ana a syncarpous pistil. By Bentham and Hooker 
they are placed near Sapindacese.) 


OrdeeVIII. BERBERIDACE.'E. The BRRHERRy Order. 

Clast. Polycarpic®, En^. All. Iferberales, Liiitll. Coh. Unnales, 
iStnlh. H Hook. 

365. Diagnosis . — Shrubs or herbs, with regular hermaphrodite 
flowers, witti the sepals and petols both imbricated in the. bud in 
2 or more circles of 2-4 each (fig. 340) ; hypogynous stamens as 
maaf as the petals and opposite to them; anthers opening by 2 
furred Talres. 
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Character. 

Calyx with 3-4-6 dt'ciduous sepalsy surrounded by petaloid scales. 

Corolla : jyeiaU hypogynous, as many as the sepals and opposite to them, 
or twice as many, sometimes with a basal appendage inside. 

Starnem equal in number to the petals and opposite to them, the 2- 
celled anthers opening by a recurved valve to each cell, or rarely 
suturally {Podophylhxni). 

Pistil : carpel solitarj’, free, 1 -celled ; stylt somewhat lateral ; stignia 
orbicular ; placenta sutural ; ovides anatropous, numerous or in 
pairs, ascending or suspended. 

Fruit baccate, or dry; seeds cnistaceous or membranous; embryo 
straight in the centre of fleshy or horny albumen. 


I L L I’ STU A TI VE ( i EXER A . 


[fcrb*'ri<3, L. Epiinodiuni, L. Caiilophylliim, Michx. 

( M aii (miuj Nutt.) Leontice, L, J eUbrsoma, Bart, 


AfPriities. — To Uj>nmiciilaco{e this: Ord^r is rclatcil closely hy Jeferso 7 iia 
and Pod<tphy!luni, Fpimrdtunt allies tin* Order 1.) Fumariacete. The con- 
< »n ^vith th Anonacca'' tljroiiirh ha'^ 

fuM to nhove. Thev differ from Meni- ’ 


sperms, to which theii tloval arrangements ally 
til m, i’ their hf‘rma]dir(Hlite flowers and small 
emhm>. The remarkable m<»<le of dehiscence of 
tho aiitliers connects this ( '-der in that respect 
with Lauracem and Athcrospormaci'a- among tin* 
Mon(*chlamvdca\ f 'uu/ophulhntt fha/ivtntides, a 



:^orlli- American plant, i'l ii'teresling from the 

develoyancnt of its fruit; the pericajqt dehisces Diafrram of th«« flowir of Fpi- 
verv t-arlv, and the two so»‘d> hurst out and : a, a, bra4.'tooleB. 


ripen into nuked berrv-likc bodii's with a surenlent testa. The leaves of 
these plants an* simpl«* eonqamnd, sometimt'S reduced to the condition 
of spices (§ Tile ri]>e Mothers possess a ]>eculiar irritability, which 

causes their valves to turn hack and hur>t when touched. 


Distribution. — A small ( )r<ler, the species of which are natives of tem- 
perate climates in America, Kurope, and the northern part of India. 

QuoUtics and Uses. — The bark of the root of some of the Indian s]>ecies 
contains a bitt4'r principle, on which account il is used ns a tonic in 
fevers in lieu of quinine. The IWherry (the fruit of Berlnads vulyarix) 
and the, fruits of other species are acid and astringent, and are eaten pre- 
served. The stein and bark art' used bv dyers, l>oth gn account of tiieir 
astringent properties and as ingredients in a yellow dye. The rhizome of 
Podofihyllian peltatum furnishes a rosin w*liich has purgative properties, 
and is much used ns a substitute for mercury. The leaves of this plant 
are narcotic ; but the berries are edible. 

Berberis vuharts is a British plant, often cultivated on account of its 
beautiful scarlet berries ; the evex^reen Berberacea?, B, Aquifolitwtj &c. 
(J/ir/4oam, Nutt.), are also exteiisiveljj planted oii account of their shining 
pinnate leaves and the grey bloom on their black berries. Epunedium 
alpinum is a rare British plant, found in the northern counties. 
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, Order IX. NYMPH^ACEiE. Water-Lilies. 

Class. Nelumbia, JEndl. AIL Nymphales, LtndL Coh, KanaleS; 

Benth, et Ilook, 

366. Diagnosis , — Aquatic herbs with cordate or peltate floating 
leaves, and solitary showy flowers, proceeding from a rhizome growing 
at the bottom of the water ; the partially petaloid sepals and the 
numerous petals and stamens imbricated in several rows arc partially 
or wholly adherent to a large fleshy disk ; the numerous carpels 
combined into a many-celled compound ovary, with radiating stigmas 
on the top ; ovules all over the spongy dissepiments ; embryo minute, 
enclosed in a separate sac at the end of the copious albumen. 

Illustrative Gkxera. 

^ Nymphfea, Neck. I Victoria, Lindl. 

Nuphar, Smith. | Eur}'alc, Salisb. 

Affinities. — The relations of this striking Onler are varied, and some 
difference of opinion exists among botanists even as to their position in 
the two great classes of Angiospermous hlt^weriiig plants. Tne embryo 
appears to be truly Jhcotyledonous ; and if we range tlie Xymplueacete in 
that class, they naturally approach the l^apaveracene in the character of 
the ovary, and with the<e likewise the Pa^ony tribe among the Kami- 
culacejc. especially the kiiuls with a highly developed disk. The cha- 
'racter of the floral envelopes and stamens allies them to the Magnoliac(?ae. 
The Xeluinhiacese and Uaboiiibaceie are immediately connected wdth 
them. From a mistaken view of the structure of the .seed, regarding the 
vitellus or amniotic inner endosperm as a cotyledon Kichard 

assumed that this Order was Monocotyledonous; and although it has 
proved that thi.s account of the structure of the embryo was incorrect, the 
plants are so anomalou.s in many respectvs, that it is diflicult to demde as 
to their clasest relation.ships. The .«tructiire of the rhizomes is quite that of 
Monocotyledonous stems ; the habit relate^* them to the 1 lydrocnaridacem ; 
and the structure of the ovaries indicates some affinity with Alismacem. 
When, however, we regard the Dicotyledonous embryo and its germination, 
the quaternary or quinary plan of the flowers, and the nettecl ribbing of the 
leaves, together with its close relation to the Dicotyledonous Orders above 
named, the bfclance of characters is strongly in favour of its reference to 
this Class. Xymphajaceae are very interesting in structural respects — as, 
for example, in the anomalous*condition of the rhizomes, the remarkable 
development of the leaves in Victoria^ the curious ^ttcco.s8ion of forms 
between petals and stamens in the raany-whorled envelopes of the flowers 
of Nymj^aa and Victoria^ the various degrees of development of the 
disk and enlarged receptacle, ranging from Nuphar with a superior ovary 
to Fudana with its ovary sunk in, the receptacle and its stamens and 
envelopes raised on an annular disk, the seeds growing all over the disse* 
pimente, iM^the peculiar condition of the albumen. 
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Difltribntion. — A small family, the species of which ape distributed 
throughout the worlds more rarely in the southern hemisphere. 

Qualities and Ums. — These plants are said, on doubtful authority, to be 
sedative and narcotic. ^lore important characters arise from the presence 
of starch in the seeds of various kinds of Nymphcea, of Euiryah and 
Victoria, which are used as food. The corn-like rhizomes of some 
Nymphieas are eaten in Rcinde, others in Western Africa. Among the 
most remarkable plants of the Order is the Vi' foria rtffta, a native of the 
rivers of equatorial America, with its enormoue circular leaves and beautiful 
flowers. Our native Water-lilies, the white {Nymph^a alba) and yellow 
(Xitphar hdea\ are both striking ohj(‘cts, and the cultivated NymphtBa 
carulea and the crimson N. rubra illustrate the brilliancy and variety of 
colour in this beautiful Order. N. yiyantea, a blue-flowered Australian 
species, has flowei*s almost as large as those of the Victoria. 

(CAnoMBACEJE, Consisting of only two species, of the genera Cahomha 
and Brascnia {Hydropeltis)^ are sometimes separated from Xymphaeacem, of 
which they are a reduced flmn, with definite sepals and petals, nypogynous 
stamens, and distinct carpels with stvlos inserted on a flattened Wus, 
and containing one or two ovules on the dorsal suture. They are closely 
allied to Ranunculacese, but ditter in the embryo enclosed within a double 
albumen. Jloth genera occur in America, and Brasenia also in the East 
Indies and Australia.) 


Order X. NELUMBIACE.^:. Water-Beans. 

3fl7. Large aquatic plants, like Water-lilies, but with distinct carpels, 
forming acora-shapod nuts separately imbedded in ca^dties of a large top- 
shaped receptacle. Seeds solitary, oxalbuminous. 

Affinities, Ac. — This < )rder consists apparently of the two species of AV- 
lumhitim — -V. supposed to be the Sjvcred Kgyq^tian Lean, found 

throughout tlie East Indies, but no longer in Eg^'pt, and N. luteum in 
North America. They are nearly related to Xnnpha'acea?, through Ca- 
bombacea) ; and both are included in that family by Bentbam and Hooker. 
Tin? enlarged njceptacle <.>f the fruit is very curious, and the peltate leavea 
raised above the water on long stalks are remarkable (objects. The nuts 
are the ripened carpels, which are contJunHl in separate sockets in the top 
of the r(H‘eptaclo; the .«eeds liavo large flat fleshy cotyledons applied 
against the jpliimnle, which is unusually tleveloped. The seeds, iis also the 
tubers of A. hitenm and the rhizomes of N. fipeciosum, are esculent, lx*ing 
full of farina at certain seasons. 


Order XI. SARRACENIACE.E. 

808. Polyandrous and hypogjTious Bog-plants, with hollow pitcher- 
shaped or trumpet-shaped leaves, and regular polyandrous hypog}mou8 
flowers. ^ 

Illustrative Genera. 

Sarracenia, X. | Heliamphora, Benth. | Darlingtbuia, Torr, 
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AfiELnities, Ac. — ^These curious plants, chiefly remarkable for their ano- 
malous leaves, forming ascidia (§ 101) or pitcners, as*e few in number, con- 
* sisting of a few species of SatTacema in the United States, a DarUmftonia 
in California, mdi Heliamphom in Guiana. Sarracenia has a very large, 
angular, peltate stigma, while that of lleltamphora is simple and truncate. 
tThey are regarded as related^ to Ranmiculacete by the 4-5-merous and 
imbricated envelopes and the numerous hypogynous stamens, while the 
coherence of the carpels into a compound ovary brings them at the same 
time near Papaverace ® ) but the placentas are axile. 

Order XII. PAPAVERACILE. The Poppy Order. 

Class, Rhceades, EndL All. Ranales, Lindl. Coh. Parietales, I^enth. ct 

Hook. 

369. Diagnosis. — Herbs with milky (white or coloured) juice, al- 
ternate exstipulate simple or lohed leaves ; flowers regular, 2-merous 
or 4-mcroiis ; sepals caducous ; polyandrous ; hypogynous ; ovary 
syncarpous, 1-cellod, with 2 or many ptirietiil placentas. 

Character. 

Cahj.'cx sepals 2, rarely 3, caducous. 

Corolla: j^etals 4, ^rarely 0, hypogynous, mostly crumpled up in 
aestivation. 

Stamens free and distinct, indefinite, hypogynous ; anthers 2-celled, 
, bursting longitudinally. 

Ovarg free, composed of 2 or more carpels (very rarely distinct), 
1-celled; numerous, very rarely solitary ; placentas broad, 

parietal, on the projecting incomplete dissepiments : sti/le short or 
none; stigmas radiating, double, opposite the imperfect dissepi- 
ments ; ovules anatropous or amphitropous. 

Fruit capsular (fig. 342) with a number of placentas on imperfect 
septa, or pod-shaped with parietal placentas, the dehiscence val- 
vular or porous ; seeds mostly numerous ; embryo minute, straight, 
at the base of| fleshy oily alMmcn. 

Illustrative Gexrra. 

Chelidonium, Tmirmf. Papaver, Tournef. I Eschscholtzia, Chain. 
Argemone, Tournej. | (ilauciuin, Tournef. | Phitystemon, Benth. 

Affinities. — Taking the common Poppies as types of this Order, we find 
*a marked distinction from Raniinruloce® in the 2-nici ous calyx, the con- 
fluent carpels, an^ the milky juice ; but the first two of these characters 
do not hold unfrersally, since Argcinonc has .sometiriios 8 sepals, and 
J^atystemon has the carj^Is more or less distinct, or united only slightly 
externally. Boccemia^ with small flowers and no petals, approaches to 
naiktrunp Monstrous capsules of Papaver occur in irardens with the car- 
pels partly free, somewhat as in NigeBa. This Order is also related to the 
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Nyinphaeacojie by the general structure of the flower of Papaver ; and the 
dissepiments extend quite to the axis in the Californian genus Itomneya. 
Another genus from the same region, Dendroniecon, has peculiar double- 
lined parietal placentas, and the capsule bursts into 2 valves with the 
seeds on the margins, as in Cistace®. The quaternary arrangement of 
the floral envelopes and the pod-shaped ovary of Eschscholiziaj Glau^ 
vium^ Chfduhmuwif &c. cause a close resemblance to Crucifer® and Cap- 
paridace®, from which, however, there is a marked distinction in tne 
albuminous seeds and the narcotic milkv, juice; the tetrad^mamous 
stamens of Crucifer®, too, almost always afford a striking character; but 
a remarkable exception has been lately observed in an East-lndiau poly- 


Fig. 841. 



Paparer Capsule of Poppy {Papnver): a, trfUUiTerse section 

Tne Opium Poppy. \ sewl. 


androus Crucifer {^fec|acarp(ta polymulro). The nearest relatives of 
the Papaverac*"® are the Fumariaceas which are comWned with them as 
an irregular form by some authors. The agreement is gn^at in many 
respects ; but the Funiariaco.® have irregulat flowers, diadelpbous stamens, 
ana a wab'ry juice : the genus //>//>crowm, however, has the corolla nearly 
regular, and its 4 stamens are distinct ; and Meconella. in the present 
Cider, has hut 4~5 stamens; so that IIif}>ecoum is niiway as it were 
lH*tweeu the Orders. 

The structural points most worthy qf note hero are the varied confor- 
mation of the ovary, and the peculiar constniction of the stigmas by two 
lamcll® from adjoining carpels. There is a curious enlargement of the 
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receptacle of EschschoUziaf with circumscissile s^aration of its coherent 
caducous sepals in the form of a conical cap. The stamens and petals^ 
moreover, become perigynous in this genus. The sepals in most cases 
fall off* when the flowers expand, so that they must be observed in un- 
opened flowers. Milky juice, or rather juice which turns milky when 
exposed to the air, seems universal in this Order. 

Distribution. — The group is not a large one ; but the species occur in all 
parts of the globe, but sparingly out of Europe (in a wild state). 

Qualities and Uses. — The milky juice of Papaveracete is very generally 
powerfully narcotic, sometimes acrid. Papitver sojtmifet'um, the Opium 
i^ppy (fig. 341), is the mt^t important plant of the Order, the opium 
coiLSiking of the dried milky juice obtained from the unripe capsules 
(fig. 342). Its native country is unknown : but it is largely cultivated 
in Turkey and the flast Indies. Its seeds yield a fixed oil, which is quite 
harmless and is used both by itself and as a means of adulterating olive- 
oil: the oil-cake is also used for feeding cattle. The seeds Arfjcmom 
mexicma are narcotic-acrid. The yellow acrid juice of CheUthniiim majm^ 
as also that of Bocconin fruteAcem^ is poisonous, and is sometimes used as 
an escharotic. Sangmnnna ramtdntsts^ the Illood-root or Puccoon, re- 
ceives the foniier name from the red juice of its root, which is enipli»yed 
in North America for its emetic and purgative properties. MeamopsiA 
nepalenm is said to be very poisonous, especially in the roots. 

Several plants of this Order are wild in this country, as tlie four kinds 
of Red P<)ppy of our fields, the commonest of which is Papaver lihvas, 
P. somniferKm is a corn-tield weed in many plac(*s on chalky soil ; and its 
numerous double varieties are to be found in most gardens, (rlauvium 
hteunij the yellow Horned Poppy, grows on our sea-shores ; Cheltdo/iit/m 
majus grows about hedges near Adllages, and is apparently an outcast 
from gardens; the other native plants of this Order an? less common. 
Eschscholtsiaj a Californian genus, is now found in every ^rden; and 
Ptatystemonj Argemone, and other genera are also cultivated here. 


Order XIII. FUMARIACE/E. The Fumitory Order. 

CUiss. Rhceades, EndL All. Berberales, Lindl. Coh. Paiietales, 

Benth. ct JIoo/c. 

370, Diarinom , — Delicate smooth herbs with watery juice, dis- 
sected leaves, irregular flowers, with 4 partially united petals, 6 
diadelphous or 4 distinct stamens; ovary 1 -celled, 1-sccded, or 
several-seeded with two 'parietal placentas. 

Character, 

Calyx : sepals 2, caducous. 

Corolla : petals 4, irregular, in 2 circles. 

Stamms hypogynous, rarely 4 and distinct, opposite to the petals, or 
6, diadelphous, the parcels opposite to the outer petals each with 
a centrar2-celled anther and 2 lateral l-ccUed anthers. 
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Ovary free, 1 -celled ; style filiform; stigma with 2 or more points ; 
ovvJes horizontal, ^mphitropous. 

Frxiit : an indehLsccnt 1- or 2-sccded nut, or a dry 2-valvcd or sue- » 
culent indehiscent mariy-sceded pod; seeds shining, mostly arillate ; 
embryo minute, abaxial, straight or curved, in fleshy albumen. 


Illustrativk Gener a. 

Dicentra, Borkh | Fumaria, Tounuf, [ liypecoum, Tourmf. 

Affinities. — Tlie clo.se relationship to Papaveraceae has been pointed out, 
Bentliaiii and Hooker indeed inedude Fumitories under tliat ramily, J/y- 
pecoiwiy with its four distinct stamens, diverges from the ordinary typo 
immediately towards that Order. The number, form, and arrangement 
of the floral envelopes mark an affinity to the Berberidacea?, which like- 
Avise have stamens opposite to the petals. A further relationship exists in 
tlie direction of Crueiferte, concerning Avhich, however, authors are at 
variance, on account of the curious condition of the diadelplious stamens 
here. As stated above, the two parcels each bear a central 2-celled 
anth<‘r with a single anther-lobe on each side. Lindlev and Asa Gray 
regard these parcels as formed from four st)imens, the two lateral of which 
are split j sending half an anther to the posterior, and the other half to the 
anterior parcel, ofl(‘ring an illustration of chorim (§ 14t)) : this would be 
in agre(uuent Avith the four stamens of llifpevoinn ; but six are said to occur 
here sometimes, Avhich Avould favour (lay s vieAv, that the plan of the 
stamens is like that of Cruciferas and their nonnal mumber (>. Probably 
then* are but tAvo stannms origiuallv, from which the lateral ones are sub- 
sequently produced, liindlcy is also inclined to think that the so-called 
sepals are rcallv bracts, and the tAvo outer petals sepals, Avhich Avould render* 
the position ot the stnminal bundles oppo.^ite the outer petals (sepals) nor- 
mal ; hut the rclationsliip to lk*rberiaaceto is against this. The mode iu 
which the horned stigniias push themselves against the extrorse anthers in 
the blossom of Fumaria, Avdiile the petals cohere hv their tips, is worthy of 
examination, as also are the modiflcations of the stauiinal bundles in 
Fumaria^ Diccutra^ kc, 'J'ho long pod of Jlypnvum has transverse spurious 
septa betAveen the seeds. 

Distribution. — The species are not ve^ numerous, and are mostly found 
in the temperate parts of the Northern Hemisphere. 

Qualities and Uses. — Mild bitter, sometimes rather Jtcrid, and with 
slight diaphoretic and apndent properties, but of little importance in this 
respect. The genus Fnnaria lias a numlH*r of rather douotful sp<^ies in 
this country, CarydaUs clarietdafa is not verA’ rim* in .woody phu'es ; and 
several tuberous-rooted species of Con/dalis arc found as hardy herbaceous 
plants in our gardens. Jh'mdra (Dielytrh ) spectabdts^ a handsome Chi- 
nese species, is noAv gi’eatly cultivated as an early-floAvering greenhouse 
plant, which is hardy in some situations. 
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Order XIV. CIIUCIFER^E. Cross-flowers. 

Class. Khoeades, Undl. AIL Cistales, LindL Coh, Pari^tales, Benth. 

et Hook. 

371. Diagnosis . — Herbs with a piinp^ent watery juice, cruciform 
4-mcroiis flowers, and tetradynainous stamens ; fruit a sili(|ue or 
snide ; seed exalbuminoiis. 


Cha racier. 

Calyx : sepals 4, deciduous, imbricated or valvatc in the bud. 

Corolla : petals 4, distinct, stalked, arranged in the form of a cross, 
alternating with the sepals (fig. 343). 

Stamens tetradpiamous (fig. 344). a Fig. 343. 

single short one opposite each lateral 
sepal, and a pair of long ones oppo- 
site the anterior and the posterior 
sepals, \\dth small glands inter^'e- 
ning between the stamens on the 
receptacle. 

Ovary solitarj’, 2- celled by a spurious 
dissepiment {replum) extending 
across from the middle line of the 
two parietal placentas ; stigmas 2, 
sessile, opposite the placentas. 

Fruit : a silirpie (fig. 343) or a silicle 
(fig. 347), usualiy 2-celled by the 
rcplum, from which the valves separate in dehiscence, leaving tin* 
placentas as a frame ; or 1 -celled from the imperfection of the 
replum (fig. 347), and indtdusccnt or breaking acrass at constricted 
places ; seeds generally pendulous in a single row on each pla- 
cental margin, the two rows either intercalated in one line or in 
two collateral lines on the rcplum ; em//r?/o with the radicle variously 
folded on the cotyledons, without albumen. 



Tlnphanvi>: n, eniriform flowrr ; f/, 

petal ; r, t«‘tratlynHrnou» .stniuens. 


De Candolle h^ divided tliis large and very natural OrdtT into 
SuWders, founded on the mode of folding of the embryo, thu.s : — 
1. Phurorliizo! (0=), with *ihe radicle turned round the sides or 
edges of the fllat, accumbent cotyledons ; 2. Notof hizre (0||), with the 
radicle folded against the back of one of the flat, incumbent coty- 
ledons; 3. OrthoplocefB (0» ), the radicle similarly folded, but the 
incumbent cotyledons longitudinally folded (induplicate) so as partly 
to surroxmd.it; 4. Spiroloberp (0;!||), the cotyledons linear, incum- 
bent, and folded or rolled over on themselves and against the radicle ; 
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5. Dq)l€Colohea> (Oj'ilijj), the cotyledons linear, incumbent, and twice 
or thrice transverse^ folded. 


Fig. 346. 



Some writers establish h^uborders on the characters of the fruit> 


Fig. 348. Fisc. 349. 



Fip. M7. Siliolo of/thtiijt: it, enfin*; ft, crosa 
JlurMl hilicK' <«f Thhi^pi. 

Fi*j. ‘M\K 8ot*d of Kfy^iimtiii uit vorticalh- : ti, fuuioulita. 

using those of the embr5’o for subdivision, thijs : — 1. SiIt\pfosir, 
with a fiilkjiie o])ening by valves ; 2, Sillciffom> laftstpUp, with a 
silicic opening bw valves, the repluifl in the bnxidor diaiiictcr ; 
3. Silictthsat an^ustlaeptw, a valved silicic with the repluni in tlic 
narrower diameter ; 4. Kiicumtntmcifp^ w'ith an indehiscent silicic, 
often 1 -celled without a repium ; o. /Sq^fuJahr^ with the valves 
bearing transverse septa in the inside 5 6, r,omfntftcrtr, with a pod 
breaking across into 1 -seeded pieces, sometimes with a 1-2-seeded 
beak above the abortive true i)od. Bcntham and Hooker s arrange- 
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ment closely corresponds with this ; but the Suborders are all more or 
less artificial. 

Illustrative Genera. 

Cheiranthus, 11. Hr, Thliwpi, DHL Lepidiiini, 72. Br, 

Matthiolrt, jB. Br. Ibeiis, Jj, Ih-assica, X. 

Nastui’tium, It. Br, Cakile, Tournef. Sinapis, Tounief. 

Arabis, L. Malcolmia, R. Br. Oranibe, Tournef. 

Aubrietia, Adans. Ilesperis, Z. Kapliaiius, Tournef. 

Alyssum, L. Sisynibriuiii, L. Seiiebiera, Pair. 

Erophila, DC. Erysimum, L. Subularia, Adans. 

Coclilearia, L. Cap<ella,. Vent. Schizope talon, Ilooh. 

Affinities. — The relationsliips of this Order to Papavernccie and Eu- 
mariacem, and thence with the Apocarpous Orders standing: near, have 
been dwelt on already. With the Capparidacere the ajrreeinent is still 
closer, in the greneral character of the flower and in the steeds ; but when 
that Order has so few as six stamens they art‘ not tetradynamous — an 
almost universal condition in 0rucifene. The true nature of the plan of 
the anonnilous flower of this Order is a subject of consiuerabhj contro- 
versy. The two lateral sepals are attached higrlior up than the other two, 
the four petals are in a singrle row. Tdndley and many others n‘g‘ard the 
six stamens as belonsringr to two circles of four, the outer of which has 
always two stamens abortive, while the inner pairs should normally stand 
singly before the four petals: if the glands in the receptmde are to be r**- 
garded as abortive stanums, which is plausi])le, this structure really doe^ 
exist in Drt/si mum •Peroffskiauuniy where the two glands stand oppositt) 
two sepals and form a circle with the two short stamens ; but there appear 
to be as many as six glands in some (.’rucifers, which involves the existence 
of three staminal circles: as a polyandro\i.s form { Mvffiiearpmt poh/anrtru) 
has been met with, we may even admit this. Moqiiin-'randon and A\'ebb 
regarded the stamens as normally four, the pairs Ixdng formed by c/tortm 
(§ 149). As to the ovaiy , it seems most simply explained as (•f)nqH)sed of 
two carpels with a spurious dissepiment, the*®i^gmas opposite the placentas, 
like those of being double and composed of a Iialf from each carjad, 

just as the placentas are. 'Phe fact that fourcaq)els are^ometimes found 
in moastrosities, and are constant in the genus TcfraceUiou, merely indi- 
cates a return to a symmetrical condition, ordinarily interfeiud with by 
suppression of tw’o carpels. The most rect of vi^ws as to tin? structure of 
the flower are those of Eichh r, who affirms the exist4‘nre of chorisis in the 
long stamens. Ilis notion i.s that the flowers of Crucifers cf>nsist of two 
antero-posterior sepals, two lateral ones, fl.iir p«dals crossing tin* lateral 
sepals diagonally, twt) lateral short stamens, two antero-post^or long 
stamens split into two, and two lateral caiqiels. These views are adopted 
aftffi an examination of the development of the flowf*r, in which ther«> are 
first to be seen two tubeftrles for tne fore ami aft seriils, then two for the 
lateral sepals; the four petals originate sinmltaueouslv ; the two short sta- 
mens arise opposite the lateral sepate, the two other staminal tubercles are 
subsequently developed at a higher level than the prececling and decussate 
with tnem; these two after a time ^come notched, the notch gradually 
deepens and ultimately forms t%vo xnstinct stamens. As a rule Crucifem 
have in the adult condition bractless flowers ; a few species have bracts 
normally ; and they sometimes occur as abnormalities. 
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DlAtribntion. — This large Order verjr natural, and, as usually happens 
in such cases, the genera are very difficult to define. The species are 
most abundant in temperate and cold climates, and seldom found other- 
wise than on mountains in the tropics. 

QualitieB and Uses. — The general character is antiscorbutic, the watery 
j nice being often pungent and occasionally acrid. The seeds yield oil, whicn 
is contained in their cotyledons. By cultivation the acrid juices ^come 
milder, and the structures are easily made very succulent, from abnormal 
development of parenchyma. Under these (auditions they become valu- 
able esculents, either in their roots, as*the Turnip {Bramca Rapd)^ their 
stem and leaf-stalks, as Sea-kale (Cramhh maritima), their stem, leaves, 
or undeveloped inflorescence, as Kohl-rabi, Cabbages, Greens, Kales, 
&c. in all their varieties, and Cauliflower and Broccoli, alj apparently 
derived from Brassica oleracea by cultivation. Brassica Napusy liape or 
Colza, is most valuable on ac<;ount of the oil in its seeds, and its oil-cake 
as food for cattle. The Swede Turnip is supposed to be a hybrid between 
B, campestris and B. Bapa or Xapus, Radishes {Haphanm sativtis). Horse- 
radish {Annoracia rmtivivia), are cultivated on account of their pun- 
gency, as are also the herb and, still more, the seeds of the Mustards, Sinapis 
alha and nif/raj the latter of which yields the proper table-mustard seed. 
^Vater-cress ojficmale) and Garden-cress (Lepidium sativum^ 

are pungent salad-plants. Isatis iincioria and a Chinese species, L ttidi- 
ijotn ay yield a blue dye from their silicles. 

Many of the Cruciferai are remarkable fin* containing sulphur compounds, 
both ill the seeds and in tht^ lierbage, whence the disagreeable smell of 
water in which they have been boiled, or even of the bruised fi*esli plant 
of some, as Erysimum AUiaria. Gil of Mustard, obtained by macerating 
the seeds of Black Mustard in water and distilling, is violently acrid. 
Most of the genera cited in the list alnive are represented by common , 
wild plants in this country, the rest are found in most gardens ; Matthiola 
is the Stock, Cheiranthm Uu iri the Walltiower, &c. 

Order XV. CAPPARIDACE.'E. The Caper Order. 

Class. Rhcoades, Endl. All. Cistales, Lindl. Coh. Pnrietalcs, 
a Benth, H Hook. 

372. Diagtwsis. — Herbs, shrubs, or rarely trees, with alteniate simple or 
lobed cxstipulate leaves ; cruciform flowers ; stamens numerous, or, if (>, 
not tetradynamoiis, on a disk, or with an iutornode separating them from 
the corolla, and a 1-celled pod or berry wntli 2 or more parietal placentas ; 
seeds reniforni, exalbumiuou.s. * * 

• iLLUSTRATnTB G:#XEnAfc 

Tribe 1. Cleome.;p.. FruUeapstdar. Tribe 2. Capp areas. Fi*uithacc<de. 

Cleome, EC. * Cadaba, Forsk. 

Polauisia, ito/. Capparls, L. 

AfBtaities. — This CWer is closely^ |;elated to the Cniciferm, both in 
structure and properties, being distinguished chiefiy by the mostly inde- 
finite stamens, which when only six in number are very rarely tetradyna- 
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moos^ and by the stipitate ovary. The parietal placentas and the disk 
ally them to the Resedacefe, which likewise have kidney-shaped ex- 
albuminous seeds; there is a more distant affinity to the Bixaceaj, which 
have albuminous seeds. The development of the internodes between the 
circles of lioral orjrans is a striking character in various Canparidaceoo : 
in Cleonie and Capparis the receptacle has rather a discoid development 
below the stamens, the oyarv being stalked ;# in Gynandropm and Vadaha 
there is a stalk-like prolongation of the receptacle between the corolla 
and stamens and between the stamens and the ovaiy. This structure 
counecta the plants in some degree with Passitioracem. In other genei-a 
the receptacle is developed into a more or less tieshy or glandular disk. 
In Physostanon the seamens are curioiu^, the two or four posterior ones 
having the tilaments inflated or swollen below the anthers. 

‘ Bifltribu^on. — The species are somewhat numerous in the ti*opical and 
subtropical regions of the world, especially in Africa. 

Qualities and Uses. — There is great agreement with the Cruciferm ; but 
in some cases the pungent principle.s aie dangerous. The Capers used as 
pickles are the flower-buds of various species of Capparis (6'. spinosa^ Fan- 
tanesiiy rujjestrifi^ and O'yypiiaca ). The root of Crytff'va yynandraj the Garlic 
Pear, is said to be very aciid and to blister like Cantharides. C. excvlMi 
is a large tree in Madagascar. The PolanUia iQimandra of the United 
States is used as a vermifuge ; and the root of Catlaha indica is said to be 
aperient and anthelmintic. Many species have been introduced into our 
gardens : a few bear the open air in sheltered places. 


Order XVI. IlESEDACE-^E^ The Mignonette Order. 

Class, Khoeades, FndL All. Cistale.««, Lindl, Coh, Parietales, 
Betith, vt Hook, 

373. Diagnosis , — Herbs with unsymmetpcal 4-7-merou8 .small flowers, 
commonly with a fleshy one-sided hypogjyou.s disk Indweeii the petals 
and the (3-40) stamens, which it^iqiports. Calyx open in the biij. Pod 
3- or'6-lobed, .‘5- or (h-horned, l-celled with 3 or it parietal phicentas, 
opening at the top before the exalbuminoiis reniform seeds are npe. 

; Il.LU.STItATIVK GkNEIIA. 

Reseda, L, | Oligomeris, Camhass, 

These plants atTee 'in many re^jpects with the Capparidacea*, as in the 

E nce of a disk 8up])oi1;ing the stamens, and tin.* reniform seeds. Ry 
jr they are pjaced la-tween Capparids and Oiicil‘ei*s, which seems the 
most appropriate* place for them, j here is a more (li-‘tant relation to the 
Pagaveracea*, from whicli, bt)wever, ijicy nva ol^^fys distinguished by 
their exalbun^pnous seeds. Moriiigacem have many points in common, 
but differ in habit, foliage- straight embryo, dnd luoiiadelphous stamens, 
llie opening of the ovary r>efore the seeds are ripe is worthy of note as 
an uncommon phenomenon ; it is well seen in the (iarden iligno^nette 
(jReseda odorata), Oligomeris is remarkable for the reduction of the parts 
of the 'flower, having but 2 petals and 3 stamens, and the disk is likewise 
absent 



THAT.AMIPLORJE. 217 

Distribution. — A jamall or(l(*r. ^loat of the kinds are European ; but a 
few orcur in India, Sopth Africa, and in California. 

Qualities and Uses.— The best-known plant of the . Order is 
odorata^ so much valued for its pcufume and hardy character. Reseda 
Ilf f raid, a native weed, commonly called Weld, yitdds a yellow dye. Some 
of the species are acrid. 


Ohdkh XVII. BIXACEJ5 oh FI^VCOURTIACEyE. 

The Annatto Order. 

Class, Parietales, RudL All. Molalcs, Lindl. $ Coh. Parietales, 
Rentli, et Hook, 

i' 

.‘>74. 1)iaf/)iosis . — Shrubs or small trees witli alternate exstipulate leaves, 
usnully entire and leatliery, often dotted ; regular liermaphrodite or uni- 
sexujil flowers; sepals 4-7, slijrhtly coherent below j petals as many and 
distinct, or absent; stamens hypoprynotis, greiierally indelinite; ovary ses- 
sih*, or sli<rhtly stalked, 1- or rarely more-eelb^d, with 2 or more parietal 
plae(‘nlas; ovuh'S eiirved ; sei‘ds numerous, witii a straijrht embryo in the 
axis of lleshy albumen cotyledons broad ; radicle next the hilum. 

IjLLI .STKATIVK OeXEUA. \ 

Bixa, Z. F^courtia, Comimrs. 

Onooba, Forsk. luwthrospermuni, Lam, 

Belated to the Samydaceit^, but distingruished by their hyposrynous 
stannnis, ainl to the I’ussiHovncete, but destitute of a coronet. From 
Ca]>p;irids they dilVer in their albuminous seeds; from Cistacea? in their 
slraijrht ovules. Beiitham and Hooker refi*r the small gixuip Pangiacea3 
(^see jutst ) here, 

riie species are not very numerous, and are lupstly natives of the hottest 
repons of tlie g:lob(‘ ; s<mK' of^jihe plants are bitter and aslrinpmt ; the 
pulpy fruits of Oacoha, of Fiat nurtia Ramontch{^ .saidda, and sv^daria are 
edibie. Rura OrcUana yields the substance called Annatto, used for 
colouring cheeses and as u dye ; it is derived from a pulp surrounding the 
seeds. ^ 


ORt)EH XVIII. CISTACE^. Rock Roses. 

Class, Parietales, Endl. All, Cistales, Lindl. Coh. Parietales, 

• Renth, vt Hook. • 

Vho. Diat/nosis . — Ijjiw shrubs or lierbs with regidar hermaphrodite 
dowel's, persistent calyx, distinct hypogynous, nu>stly indetihito stamens; 
pod 1 -celhid, d-45-valved, wiBi as Uiany parietal placentas ; ovules straight ; 
seeds albuminous ; embryo curved or spiral, with the radicle remote from 
the hiluiu. 

iLLVSTBAT^fGKXKnA. 

Cistus, Tvumef, | Ileliaiithemum, Tounief, 

L 
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Affinities, Ac.— Nearly related to Violaceae, Bixacese, and Droseraceae, 
but distinguished by the fonn and direction of ^ the embryo, from the 
Hypericaceae by the structure of the fruit and the 'absence ol dots on the 
leaves, and from Linaceae bv the fruit ; they also approach Papaveracese 
by Dendromecon : and Lindley considers that there is some connexion 
with Capparidaceae and Cruciferae j but the 4-merous plan and exalbumi- 
notts seeds of those Orders remove them yidely. Some of the Ilelianthema 
have dimorphic flowers. ^ 

The Cistaceoe are most abundant in South Europe and North Africa, 
but occur in other parts of' the globe. The gum-resin called Ladaniim 
is obtained from Cistiis cretiemy ladaniferusy Ledon, and otliers ; and the 
plants generally are regarded as resinous and balsamic. Many species are 
cultitated for their beautiful but fugacious flowers. 

■ Heliantheynum vxdyarey a native plant, is remarkable for the irritability 
of the stamens in the newly opened flowers. 


Order XIX. DROSERACE.1E. Sux-dews. 

Class, Parietales, Endl, AIL Berberalcs, LindL Coh, Ilosalos, 
JBmth, et Hook, 

376. Diagnosis, — Bog-herbs, mostly glandular-haired, with regular liy- 
pogynous flowers, 5-merous and persistent (withering) calyx, corolla, and 
stamens ; the anthers fixed by the middle, extrorse ; ovary free ; ovules 
numerous, inverted ; pod 1-celled, with twice as many separate styles and 
stigmas as there are parietal placentas } the embiyo minute, at the base 
of fleshy albumen. 

IixrsTRATivE Genera. 

Drosera, i. | Aldrovanda, Monti, | Dionoea, E/iis. 

The interesting but not veiy numerous plants of this Order are remark- 
able for the circinate cuiwature of their flower-stalks, which, together 
with the absence of stipules, the extrorse anthers, divided styles, Scc.y 
separates them from the A'iolaceje, which they approach ; they are con- 
nected wdtli Hypericaceje by Parnassia, and have some affinity to Cistaceoe 
and Turneraceie. Bentham and Hooker place them near the Saxifrages, 
These plants are found in bogs or marshes in most parts of the globe, 
excepting tBe Arctic redons. Their double stigmas are curious; hut 
their most interesting characters reside in the leaves, which in Drosera 
(Sun-dew's^ are^ covered with beautiful glandular hairs : three species 
occur in this country. Aldrovanda vesietdim, a native of South Europe, 
has curious whorled cellular spoun-shaped leaves ; while Dioncea miisri- 
the Vpnua’s Fly-trap of the North-Ameri(;mi hogs (occasionally 
cultivated in stoves here), is well known for the remarkable irritability of 
,4he lamina of tjie leaf, the two lobes of 'which close upon any object 
toucbbig the upper face. The Droseracem are said to be acrid. 
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Order XX. .VIOLACE^E. The Violet Order. 

Class, Parietales, EndL AIL Violales, Lindl. Coh. Parietales, BenJth, 

et Hook. 

877. Diagnosis. — Herbs on,shrubs ; leaves alternate, usually sti- 
pulate ; flowers regular or irregular, berm aphrodite, with a some- 
what irregular 1-spurred corolla of o petals ; stamens 5, hypogynous, 
with adnate intro rse anthers connivent over tho jhstil, connective of 
the anther usually prolonged ; style and stigma single ; pod 1- 
celled; 8-valvcd, with 8 parietal placentas in the middle 6f the 
valves ; seeds albuminous ; embryo straight. 

Character, 

Cahf.v : sepals 5, persistent, usually elongated at the hack, imbricated 
in u'stivation. 

Corolla : petals 5, hypogynous, equal or unequal, one usually spurred, 
withering-persistent ; oblicpiely convolute in aestivation. 

Stamens o, alternate with the petals, or occasionally opposite, in- 
serted on an hypogynous disk, often unecpial ; anthers 2-celled, 
introrsc, separate or cohering, and lying upon the pistil ; the fila- 
ment or connective prolonged beyond the loljes of the anthers, in 
the irregular flowers two of the filaments are spurred at the base. 
Ovary compound, 1 -celled, M'ith numerous ovules on 3 parietal pla- 
centas opposite yie 8 outer sepals, or rarely 1-ovuled ; ovules ana-, 
tropous ; style single, mostly declinate ; stigma capitate, oblique, 
hooded. 

Fruit: a ca])sule bursting into 3 valves, witH the placentas up the 
middle; seeds mostly numerous; embryo straight in tlie axis of 
fleshy albumen. 

In LUSTK ATI \ E (1 EX EK A. 

Viola, L. I Papayrola, Auhl. | Alsodeia, Thouars. 

Affinities, — I5y the irregular flowers and appendaged anthers we readily 
distinguish most of tlie ^’iolat•('a‘ from the Droseracea?, Cistaceie, anil 
Sanvagesiacete ; and in Alsodcia, whtne the corolla is regular, the simple 
style and capitate stigma are still available ; and several other important 
dilferences exist, such as : — the dtdinite number of stamens and straight 
embryo, unlike that of the Cistaeejc ; diflerent vernation and stijailate 
condition of the leaves, unlike Droseraceae ; while Sauvagosiacere, besides 
having the anthers unappendaged, have either numerous stamens, or, if 
five, they are opposite to the petals and alternate with* five spales; more- 
over the capsule bursts septicidally, so that the placentas are at the edges 
of the valves. Violacem are related more distantly to I*assifioracem. In 
the native species of the genus Vhlaj it is not uncommon to find apetalous 
flowers, especially in the autumn. 
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Distribution. — An Order consisting of a few genera, some, such as Viola 
and Ahodeioj rich in species, the greater niimher wkh but few. The irre- 
gular Yiolacefe belong chielly to Europe, Norlh Asia, and North America, 
where they are gt'nerally small herbs, and to South America, when‘ they 
are mostly shrubby ; the regular genera, Ahodeia &c., belong to South 
America, Africa, and Malacca. 

Qualities and Uses. — The Order is characterized in general by emetic 
properties, which arc especially developed in the South- Aniencan lonidia ; 
I. parvijlorumy 1. Poayity I. dtuhuj are used there instead of Ipecacuanha, 
and the last was formerly supposed to be the true Ipecacuanha-plant. 
Viola catiina^ the common Dog-violet of our hedges, is said to be bent}- 
ficial ^ skin-diseases ; and the same properties art* attributed io Anchietiu 
sahitaris in Brazil, wliere it is also used as a purgiitive. The roots of 
the Sweet Violet, V. odoralUj are emetic and purgatit e ; its seeds are also 
purgative. V. tricolor is the Pansy or Heart ’s-ease ; its leaves have b*H‘n 
supposed to contain hydrocyanic acid, since they smell like peach- blossom 
when bruised. 

The Sauvagesiaokje form a small group sonudiines separated fi\>ni 
Violacem on account of the characters mentioned above. They are related 
to the Ilypericacem through Parnama. 


Order XXI. E11ANKENIACE.H. 

Class, Parietales, EndL All, Violales, JAndl. Coh. Caiy^ophylliiiea}, 

• Benlh, et llook, 

37ft. This small and unimportant Order bears very close aflinity to the 
tribe Silenem of the Order Caryophyllacefc in the tloral envelopes and 
stamens; but its placentas are parietal, and the embryo is straight, which 
causes it to approach Yiolace.'e, and especially Sauvagesinceje, from which, 
however, it dilfers in thUr united sf‘pals and extrorse anthers. 3Iost of the 
plants are found in South Europe and North Africa; but a few s})eeies an‘ 
scattered in other parts of the world. They are said to be mucilaginous 
and aromatic. 

Illusthativk O knus. 

Fraulvenia, L, 


Order XXII. TAMARICACEaE. The Tamarisk Order. 

Class. Guttiferoe, Endl. Ml. Yiolales, Lindl, Coh, Caryophyllinm, 
lienth. et Hook, 

379. Diagnosis , — Shrubs or herbs of fastigiate powth, with alternate 
scale-like leaves, usually pitted ; tiowers in close spikes or racemes ; calyx 
4-fi-parted, persistent ; petals distinct, ndherent to the calyx, withering ; 
both imbricated in .estivation ; stacnens hypogynous, equalling the petals 
or twice as many, distinct or coherent; ovary superior, ovules numerous, 
ascending; capsule 3-valved, 1-celled, with 3 placentas either at the base 
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or 1 in tho middle of each valve ; seeds coniose, without albumen j embryo 
straight j radicle inferior. 

iLLtT.STRATIVIi: GkNERA. 

Tnmarix, Z. | Myricaria, Desv, 

Affinities. — Kndliclier looked upon this Order as intermediate between 
llvperieacefc (through Ueauiiiuriacom) and fivtliraceie, while Jjindley 
thinks they stand rath(n- between Violacef» and Crassulaceoe, and De 
(^nidolle placed it near Portulacace.'o, as also do Eenthani and Hooker. 
From all the above, however, they diiler in the nature of their seeds. 

Distribution. — .V group consisting of two genera, one with sevcu’al, the 
other with very few species. The plants are mdives of the northern 
heinisplnu'e of the Old World, growing eliieily by the sea-shore, or on the 
margins of rivers or lakes. 

Qualities and Uses. — 'Die bark is bitter and astringemt ; and those kinds 
growing near the sea yield abundance of soda when burnt. TamarLc 
maHnifrra yields the Dianna of Mount Sinai, a kind of mucilaginous 
sug'ar, said to be exuded in consequence of the attacks of a Coccus-inscct. 
Several specie's are. attack(‘d l)y gall-insects, and the galls of T. indicdy 
(Jioici/f Fdr(f '^,iuh\ orienfitUs are used in nu'dicine and for dyeing. Tinnaric 
f/n/lwa tlourishes well near the sen on our coa'^ts, a.nd is an ornainontal 
shrub. (jinmanwa is a handsome shrub in our gardens. 


Order XXIIT. CAKYOPIIYLLACE.E. The Pink Order. 

Clasa. Carvophyllacea\ EmlL All. Silenales, Lind!, Coh. Carvophyllime, * 

lienth. et Hook, " ‘ 

Diitynosii ^. — Herbs witli op])ositc entirS leaves ; stems swollen 
at the joints; flowers symmetrical, 4-5-merous, with or without 
petals; stamens distinct, not more than twice as many as the sepals, 
hypogynous or perigynoiis ; .styles ^-f); seeds attached to the base 
or to the central placenta of the 1 -celled (rarely 3-5-celled) capsule ; 
embryo curvt'd round the mealy albumen. 

Character, 

Cahf.T'. sepals 4 or^f), persistent, distinct or cohorout into a tube. 
Corolla : petals 4 or 5, clawed, often deojjly bitid, sometimes wanting, 
mostly separated by a short internode from the calyx. 

Stamens twice as many as the petals, or equal to and opposite to the 
sepals, sometimes fewer, inserted with the petals; filaments awl- 
shaped, sometimes coherent; anthers innate. 

Ovarif sessile, or raised with the gorolla and stamens on a short 
stalk above the calyx, 1 -celled, with a central placenta or with 
2-5 dissepiments extending to the centre ; ovides few or name- 
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rons ; stigmas 2-5, filiform, resembling the styles, but papillose 
down the inner side. Fig. 35 O. 

Fruit capsular, 1-colled, with a central Fig. 3 . 51 . 

placenta, 2~5-valved, or splitting ^ 

into 4-10 teeth above (fig. 350), or tv 
2-5-celled, loculicidally dehiscent, m 'ML 
with the placentas adhering to the 1 NWl 3K:J:, 
septa ; seeds mostly indefinite ; the MISI 

mostly curved round the albu- '^1^ if 

men (fig. 351), rarely straight or ff 

spiral, with little albumen;- radicle Fig. m Capsule of burst. 

4 - 1 ,^ • Fig. 351. Section of seed of Lychnis: 

. next the Mum. « 6.«nbrvo. 


Fig. 350. Capsule of Ccrastium, burst. 
Fig. 351. Section of seed of Lychnis: 

Of, endosperm; b, embryo. 


Illustrative Genera. 


Tribe 1. Alsineje. Sepals distinct 
Sagina, Z. 

Alsine, Wahlenb. 

Arenaria, Z. 

Stellaria, Z. 

Cerastium^ Z. 


Tribe 2. Silene.®. Sepals cohering 
into a tube, 

Bianthus, Z. 

Saponaria, Z. 

8ilt*ne, Z. 

Lychnis, Z. 


Affinities. — The opposite entire leave.s springing from thickened nodes, 
definite stamens, and tlie character of the placenta and seetLs serve to 
distinguish the great majority of this well-marked Order. The nearest 
relations of the Ctfrv’ophyllat^eae, as here defined, are unquestionably the 
lUecebraceae and Portulacacea), which we separate more for the sake of 
convenience of distinction than on account of natural diversity, since in both 
those Orders there is a variation between the hvpogjmous and perigynoiis 
conditions. The Illecebraceoe may be distinguisned by their scan’ oils sti- 
pules and utricular fruit, and the l^ortulaeacese by the 2-loaved calyx and 
Dy the stamens when equal to the .sepals being altemate, or opposite to the 
petals, since it seems more convenient to keep the MoUugineee with Por- 
tiilacacefe if they are divided. The apetalous forms, and the alliance with 
the Orders ju.st named, connect tliis Order with the Amarantaceffi and 
Chenopodiaceae and several other families all characterized by a cttr\'ed 
embryo Surrounding a floury albumen. 

The placentation of the Caryophyllaccjia is regarded by some authors as 
forming one of the exceptions to the marginal type, the free central 
column of mature ovaries being regarded as a product of the receptacle, 
independent of the carpels. Hut the di.s.<»epiments e^ijist in the early stages 
of development, and are tom awayduring the expansion of the ovary : 
hence there is no necessity* to assume the independent origin of the pla- 
centas. Monstrous blo.ssoms of {)lants of this Order do not decide the 
question, since these have been found with really independent growth of 
tne ovules from the base of the ovary, and with ovules developed upon 
the margins of the carpels. 

Distributijcm. — An Order consisting of several genera and a large number 
of species, for the most part nativesof temperate and cold climates, extend- 
ing to the Arctic regions and to almost thfe, extreme limit attained by 
flowering plants on mountains. 
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Qualities and Uses, — The plants of this Order are generally devoid of 
active properties — some of them containing more or less of a deleterious 
principle, called Sapoaine, as tSla^)Oiiaruif Af/roskmma, Silmej &c. ; and 
Gypsophila Stmthiunij the Egyptian Soap-root, derives its name from its 
saponaceous properties ; this substance is generally most abundant in 
the roots. Tne genus DumthuSj or Pink, is remarkable for the beauty of 
its flowers ; I), harhatm is the Sweet-William ; D. plmnarius is the parent 
of the varieties of Garden Pink ; D. Caryophyllm (the Clove-Pink), of the 
Carnation and its varieties. Lychnu and JSiiene also afford handsome 
garden plants. A large proportion of the plants of this Order are insig- 
nificant weeds j one of them, Spun’ey (Spergula arvensis)^ is sometimes 
grown as an agricultural crop on poor soils, for feeding Sheep. 


Order XXIV. MALVACE.®. The Mallow Order. 

Chm, Columniferse, BndL AIL Malvales, LimU. Coh. Malvales, 
Benih. et Hook, 

381. Herbs or shnibs with alternate stipulate leaves 

often covered with soft down and regular flowers ; calyx valvate, 
and corolla convolute in estivation ; stamens numerous, mona- 
dolpbous in a tube which is adherent belo^v to the short claws of 
the petals ; anthers 1-celled. 


Character. ^ , 

Cahj.v : sepah 5, rarely 3 or 4, more or less united below, valvate 
in the bud, often surrounded by an epicalyx (§ 1G4). 

Corolla : petals equal in number to the sepals, hypogynous, con- 
torted in aestivation, free or adherent to the tube of the stamens* 

Stamens indefinite, monadelphous, hypogynous, all perfect ; anthers 
1-celled, kidney-shaped, bursting across. 

Ovary : caipeh several, each forming a cell around a central axis, 
either coherent into a ^ultilocular compound ovarj% or distinct ; 
ovules definite or indefinite, on the ventral suture ; styles equal in 
number to the carpels or twice as many ; coherent or distinct ; 
stigmas various^. 

Fruit : a several-c elled..^psule. or a collection of separating inde- 
hiscont cocci or of, foliJdesT the cartels 1- or many-seeded r 
with little or iio albumen, embryo curved, cotyledons much twisted, 
oily, testa sometimes hairy. 
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Ilta:strati\^ Genera. 


Tribe 1. MAL\nEJE. Herbs or w»/- 
(hrshrtths. Sfammal column antberi- 
ferons to the top ; stpJes as numcroits 
as the cells of the oi^ary ; ripe catpels 
secediny from the columella, 

Malope, L, 

Altluea, L, 

^falva, L, 

Sida, L, 

Tribe 2. tin eneje. Herbs. Sta^ 
mimd column destitute of anthers at 
the top : sti/les twice as many as the 
(fells of the oranj ; fruit as in Tribe 1. 
I\'ivoTiia, Z. 


Tribe S. IIibiscea:. Herbs or 
undershrubs. Styles as many as the 
carpels : fruit syncarpous^ capsular. 
Hibiscus, L. 

Gossypiuiii, L. 

Tribe 4. Bombace/E. Trees or 
shrubs. Stfoniiud column divided into 
6 or more divisions,, e((ch with one or 
more anthers ; styles confluent or 
ipial to the carpels: fruit synear^ 
nousy dehiscent or indehiseent, 
Adansoiiia. L. 

Boiiibax, L. 


Affinities. — The '^compoutid stamens of these plants appear first in the 
form of live little tubercles, tlie primordial stamens ; from the sides of 
these are subsequenth' developed others. The anthers are bilocular in tin; 
first instance, but become 1 -celled bv the obliteration of the partitions. 
Malvacefe are closely allied to Bvttneriacefe, StercuHacejc, and Tiliaccjo, 
especially to the first Wo, by the ^^uieral structure and the {estivation of the 
calyx, but are distinguished by their 1 -celled anthers from all thret^ ; to 
the Geraniaceoe they are relatt^d by the luonadtdphous stamens, twist o<l 
festivatioii of the corolla, and tin; occasional sejiaration of the carpels from 
a central axis in the ripe fruit ; with rhhTnaceie there is a connexion 
through the epicalyx or calycine involucre and the monadelphous stannuis ; 
and some points of structure, but especially the properties, resemble those 
of Linaceae: from Camelliacea% which have the stamens mor(; or less 
coherent, th(;y may be distinguished by the valvate calyx. 3Ldope pre- 
sents a curious condition of the car|)els, which are numerous and distinct, 
resembling those of a Rjinunculaceous pl.iiit. The Bonib{iceous subdivision 
is referred here on account of the 1 -celled anthers. The trunks of sonu; 
of the trees in this group attain enormous age and dimensions, as in the 
Adansonia or Baobab, and tin; JlomhaXy the latter of which prmluce 
great projecting buttresses from their stems. The calyx in this subdivision 
is tough and leathery; and tlio pollen is g(;nerally smooth, not spiny, as in 
the rest of the family. The hairy seeds of this subdivision recall those of 
Gossypium, 

Di8ti*ibation. — A large order, with several genera and very numerous 
species; the latter are most abundant in the tropics, diminishing gradually 
in the temperate regions, and absent from the frigid zone. 

Qualities and Uses. — The ordinary properties of this Order depend on 
the abundance of a bland tnncilage, especially in the roots, as in tlie 
Marsh-mallow ftlie French Guimuure) [Althfca ojfrinalis)^ the flower of 
the Hollyhock (Althcea rosed)^ the common Mallow (Malva sylvestris)^ kc. 
The leaves of the .vitdd a blue dye Rlmiirdigo. But the most 

important qualities of the^plants depend upon their tissues, namely the 
fibrous liber of their stems, which in «ome cases furnishes large quantities 
of hemp-like fibre to commerce, as ^he Hibiscm cannabmm (Sun-liemp), 
H, arhoreus, various specie^ of Sida^ &c., and the hairs of the seeds of 
Gossypium^ constituting Cotton. Four distinct species of Cotton are sup- 
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posed to exist, viz. : — G. herhaceumj the ordinary Indian Cotton-plant 
(r. (trhorvnm^ the Indian Tree ‘-cotton ; (r. barlmdi^m'e, to which the rSorth- 
Anierican Cottons luid the Bourbon cotton of India ,* and G. pern-* 

I'ianum or avuminutuin^ Beniamlmco or Brazil cottoti. The seeds of 
Go>i>(ypium contain a lar^c quantity of almost colourlesj|4 oil, together with 
a brown resinous substance contaiiu'd in special reservoirs, which colours 
the expres'^ed oil. The liMirs of tlie seeds of the .Silk-cotton trees (/^oni- 
hn.v) cannot bo spun lilvci cotton, but are usf*d for stuffing cushions &c. 
The Durian (Dun'o dhdhinua) has an aromatic eelible fruit. T!ie fruit of 
the Daobab {A(hnm)tuti) has an agreeable acid j nice. Mosf of the ^lalvacete 
have handsome tiov/ers, and many are culth ated in our gardens and 
stoves. 


OuDER XXY. BYTTNERIACIL^. The Chocolate Orper. 

Class. ColumnifeviO, Fm(V. ^iU. ^lalvales, LijaJl. Coh. Malvales, 

Be nth. ef Hook. 

oH2. Diaynosifi . — Trees or shrubs, occasionallv climbers, with .alternate 
simple leaves and mo.stly with deciduous stipules ; calyx 4-*5-lobed, 
valvate ; corolla absi'iit, or of 5 variable petals ; .stamens hyj30gynous, 
definite, and opposite to tl^e p(‘tals or twice as many, half sterile (stami- 
nodes), almost always inserted into a cup or tube: anthers 2-celled, 
introrsi*; ovtirv sessile or st{ilked,of 4-10 carpels round a central column ; 
embryo generally in a small (piantity of albumen, cotyledons plaited. 

Illi stuativk G exkua. 

Hvttntu’ia, Zfr^l. | Scaphopetalum, Jfast. ^lelhania, Forsk, 
Tlieobromn, L. Donib<‘va, Cat\ 

Affinities. —Thi.s Order is very near .^terculiar ea*, with which, indeed, it 
i.s combined by Bentham and Hooker, but distinguished by the introrse 
anthers, some of which are usually sterile ; the same organs, being 2-celled, 
afford a <listinction from Malvaceic, to whieh they at the same time 
approach; the nioiuuhdphousstamens and the abstmee of a disk remove them 
from Tiliacete. Lindley thiiik.s that the frequent absence of the corolla 
and the occurrence of sterile stamens indicate a relationship to Euphor- 
biacere. The staminodes represent certain portions of the ‘‘ compound '' 
stamen not antheriferoiis (see under Malvace.'o ). Sometimes the staminode 
forms the terminal, or at otlier times a lateral lobe of the primary stamens, 
which in these cases may be compared to a digitate leaf. The stami- 
node in some cases seems to serve the purpose of collecting and retaining 
the pollen. • 

Distribution, — A small order whose members arc natives chiefly of tlie 
tropics of both hemispheres. 

Qualities and Uses. — These plants geiiernllv resemble ]Malv}U?ea3 in 
proper! ies. Ahroina and mrnisli materials for cordage ; Oaazuma 

ubmfuUa (Brazil) has an agi’eeable, %weet, mucilaginous fruit. The most 
interesting member of the Order, however, istlie. Theobroma CacaOy from 
the fruits and seeds (Cacao beans) of whicli chocolate and cocoa ” are 

L 5 
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prepared. A spirit is also distilled from the pulp of the fruit. Species of 
many of the g^enera have been introduced as greenhouse shrubs, out most 
»ojf tiiem are unattractive. Some of the species of Domheya are very 
ornamental. 


Order XXVI. STERCULT ACE^E. The Sterculia Order. 


Class. Columniferfe, Endl. All. Malvales, Lindl. Coh, Malvales, 
lienth. et Hook, 


383. Hlafpio.vs . — Trees or shru&gl with alternate simple or compound 
leaves and free deciduous stipule^f flowers regular or iiTegular, frequently 
unisexual by abortion ; calyx and '^rolla resembling those of Malvacem 
or petals absent : stamens monadelpbous or polyadelphous ; anthers 
2-celled and extrorse ; caipels 5, rarely 3, distinct or coherent, often 
pedicellate ; seeds very variable. 


Illi stratiw. Genera. 


Tribe 1 . STERorLTE.E. Lean 
simple or palmate : ffotvers apetalom 
and unisexual by abortion, 

Tleritieria, Ait, 

Sterculia, L. 

Cola, Schott. , 

Tribe 2. IlELirxERE.E. Leaves 
simple; flowers perfect; petals deci- 
dimis; staminodes .small. 

Ilelicteres, L. 


I Tribe 3. Fremoxtik.e. Flower.s 
j hermaphrodite ; stamens conjoined; 

anthers o ; sfaminodes wantiny, 

■ Fremontia, Hook. 

C^lieirostemon, L. 

Tribe 4. TTeiimannte/E. Flowers 
hermaphrodite ; petals persistent y 
twisted in wsiiration ; stamems di^ 
stinct ; sfaminmles irantiny. 

Hermannia, L. 

Waltlieria, X. 


Affinities. — The perfect, 2-celled, extrorse stamens separate the plants 
of this Order from the Malvacete and llyttneriacem, the monadelpbous con- 
dition from the Tiliacem. The Helicterere are midway between Bombacece 
and Sterculie(Xy and the Sterculiece. form the transition to the Byttiie- 
riacese. 

Many plants of this Order are interesting in struetuml respects. DeUi^ 
bechea (Australia), Brachychitony^nii others have a trunk swollen midway 
between the ground and the crown of the tree, giving the appearance of 
a huge flask or bottle. Ilelicteres is so called from its twisted follicles 5 
the pods of some SteraAliew open out like leathery leaves with the ripe 
seeds on their margins. The species of Sterendia and Cola are remarkable 
for the variable condition of their seed, some having albumen, others not ; 
the direction of the radicle with* reference to the hilum is also different in 
diflerent' species. Cola has often three or four cotyledons, or perhaps 
tfo, deeply divided. 

Dtetribution. — An Order not very numerous in species, which latter are 
natives of the tropics. The Steretdiea chiefly in India and Africa. 

Qualities and Uses.— Mucilaginou§. Steretdia Tragacantha yields the 
gum Tragacanth of Siem Leone, S. urens a similar gum ; the seeds of 
all the sp^ies are oily, like those of Malvacese ; the same properties are 
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generfilly diffused. StermUa g'tdtata and villosa yield fibres fit for cordage 
and woven fabrics. • Cola acuminata furnishes the Cola nuts, greatly 
(‘Steenied bv the negroes for their bitter properties. Cheirostemon 'plata~% 
noides, the tland-plant of Mexico, has a remarkable-looking flower: the 
tube of the nionadelplioiis stamens is split above and spread out, so that 
the anthers resemble five fingers or claws, while the curved style looks 
like a tljumb. This and various other plants of the Order have been 
introduced as stove-shrubs. 


Order XXVII. TILIACE.®. The Lime or LinAn Order. 

Cla,s.s, Columniferm, Undl. All. Malvales, Zindl. Coh. Malvales, 
Benth, d Jlook, 

384. Dlafjnoais . — Trees (rarely herbs) with alternate usually sti- 
pulate leaves ; flowers regular, hermaphrodite ; calyx valvate ; petals 
imbricated in ncstivation ; sepals deciduous ; stamens usually polya- 
delphous ; anthers 2-ccllcd. 


Fig. 3o2. 


Character. 

Cahfx of 4- 5 distinct or coherent sepals, valvate in Dcstivation. 

Corolla of 4-5 distinct petals, imbricated or wanting. 

Stamens mostly numerous, hypogynous, distinct or 
united in parcels, somc'timos surrounded by the 
enlarged border of the disk beneath the ovary ; 
aniher^i 2-celled, dehiscing longitudinally or by 
pores. 

Ovarif single, many-cclled, composed of 2-10 carpels 
(sometimes disunited) with the placentas in the 
inner angle (axile) : ovules few or numerous ; stylo Fruit of mvi : a, 
1, stigmas=tho carpels. _ _ 

Fruit dry or succulent, sometimes samaroid ; many- 

celled or 1-celled by abortion (fig. 352). 4abo^tI^ccelJs. 

Embryo, erect, in the axis of fleshy albumen, with flat cotyledons 
and radicle next the hilum. 



lLi,vsTnATn’'E Gknf.ka. 

Luhea, Widd. I Triumfetta, Plufn. I Grewia, Jtm, 

Corchorus, L. ] Tilia, L, [ Eiieocarpus, Z. 

Affinities. — The distinct or polyadelphoiA stamens, the 2-celled anthers, 
and the disk separate these plants from their near allies, the Malvacea), 
Byttneriacefe, and Sterculiacene. From Caraelliaceae they difter in the 
asstivation of the calyx, and from l^ixacem in the structure of the fruit. 
Various remarkable peculiarities of structure occur in the genera. Some 
species of Apeiha are said to have 24 oells in the fruit ; Diplophractwn has 
parietal placentas with spurious dissepiments in the fruit. The polyadel- 
phous stamens of Luhea^ and of the American species of Tdia^ which stand 
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in bundles before the petals, are supposed to be instances of chorisifi (§ 140). 
Limes are peculiar in the adhesion of the hower-stalk to the bract. 

' Greiria has glandular petals ; EUeocarpm has them fringed, iu some species 
they art» absent. 

Distribution.— There are between three and four hundred species, per- 
taining to thirty-iive or forty genera. The Idmes or Lindens ( 7V/m) are 
trees of tln^ northern parts of both lieniisplieres; but the rest of the Onler 
are chiefly tropical. Trhunft tttn^ are tropical wt*eds with bur-like fruits. 

Qualities and Uses. — The g^ia ral properties are the same as those of the 
allied Orders — mucUaginoiis v.iir;\s and fibrous bark. Many are valuable 
timber-tree#, and some vield edible fruits. The fibrous libm- of the. 
European 7V//Vc furnislies the well-known Ilussian “bast” or “bass;” 
various species of Con 7/ furnish fibres in India, esp(‘cially C. caimddria, 
which affords “Jute,” a fibre very extensively sub tituted for hemp; 
C. olitoriiiH is used as a pot-herb. 'I’lie bturies of Grviria sapuht, miatica^ 
and others are pleasantly aeitl, and are us(mI in making sherbet ; and the 
berries of some kinds of Corchonoi and of Klffovarpua are eaten. ^'arioUvS 
species of Luhea (Ilrazil) and (h'eu'ia (East Indies) furnish valuable 
timber. The Lime-trees of Europe ( Tilia curopaa^ f/raitdifolui^ and par- 
vtfoiia) are valued not only for their W/,but for their beauty, their white 
even wood, and the fragrance of their blossoms. Many of the tropical spe- 
cies, such as Spanuannia africanUj Ghfphtea fpririoidax, have been intro- 
duced as stove-slirubs. Ilvnckiw/a Jivifoliu has large violet flowers. 


Order XX^7II. DIPTERACE.E. 

Class, Guttiferaj, EndL AIL GuttiferaleA, LindL Cuh. Guttiferales, 

, Benth, et Hook, 

. 380 . Buiffnosis, — TiUrge trees abounding in resinous juice, with alteniate 
strongly feather-ribb^l leaves and large convolute deciduous stipules; 
dowers perfect, tln^ calyx o-lolxid, hd)es iinbiicatt*, unequal, persistent, 
afterwards enlarged like wings; petals 5, hypog^Mious ; stamens hypo- 
gynous, indefinite, distinct, or .slightly and irregularly polyadidplious ; 
anthers subulate, produced above; ovary supi-rior, .■>-(?elled ; fruit l-ctdled 
by suppression, 1 -seeded, and 3-valved or indehisc(*nt, and surrounded by 
the enlarged calyx, forming a crown abo' (‘ it ; stjL*d.s exalbuminous. 

Ir.LUSTKATIVE GkNKRA. 

Dipterocarpus, Garin, V'ateria, L, 

Dryobalauop.s, Garin. Slioii'a, Roxh, 

. (Lophira, Banks.) 

Affinities. — Tropical trees related to the preceding Orders in some re- 
spects, but in the imbricated calyx and in other piu iiculars having more 
affinity to the CTusiaceie, from which they differ in the a‘stivatioii of the 
coroll^ and in the presence of stipules. Their large deciduous stipules 
resemble those of Matpiolia ; hut the ino.^t cliaracteristic feature of the 
Order is the enlarged nensisteiit celyx, which fonns long winged lobes 
crowning the fruit. Some authors separate Lophira as the type of a 
distinct Order which is in some degree (as in its 1-celled ovary) cfifferent 
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both from the Dipteraceie and the Clusiaceae, but may probably remain 
amon^ the former. ' 

D’stribution. — This Order consists of ten or twelve genera, comprising* 
upwards of* a liimdn'd sp<?cies. These ])lants are large trees or rarel}’’ 
climbing shrubs of the forests of tropical Asia. belongs -to Sierra 

Leone. ^ 

Qualities and Uses. — The juices jdeld a balsamic resin, of whch various 
kinds an? imported. Suinatnui hard (\am])hor is found in the form of 
concrelions in fissun^s and cavities of the IrujlU of l)n/ohal(t?wps Cctmphora ; 
tlie (hiniphor-oil of Jk)riu‘o and Sumatra is said to be the sai^ie substance 
ill a fresher state. Shorvu rohnsfa yields the Dhooiia or Dammar pitch, 
us(‘d hir incense in India. Vafrrta affords tin? Piney resin or Ihney 

Dammar of India, semelimes called Indian Copal or gum Animi, largely 
list'd for making a arnisli. Dipferoenrpu^i trinereix and other species yield a 
balsam likf' Copaiba. Lopliim is called the Scrubby Oak in Sierra Leone ; 
its dry corky bark contains no resinous juice. 

(CnL-i:xACE*K constitute a small Order, consisting at present of a few 
shrubs, uuli\es of Madagascar; ndated to Malvaceae in having niona- 
delplnius stamens and an epicalyx; hut the calyx is imhricated in .‘estiva- 
tion, like that of Caimdliitceje ..K:c. Placed by Lindley near Oxalidaceas, 
Ualsaminaceic, Linaceie, and Geraniaceie.) 


OiiDEii XXIX. TEKXSTJUILMIACE.E or CAMEL- 
LTACE^E. The Camellia Order. 

(JUm, GuUiferie, EndL AU. Guliifeiah's, LintU. Coh, Gultiferales, 
livnth. (i Iluoh. 


.380. Diuijmmx. — Tret's or shrubs, Avith altt'rnale simple leaves and no 
stipules ; tlowers regular, polyaiidrous, hypopyuoiis fst'pals and petals both 
imhricated in jestivatioii ; stamens more m* less coherent (1-, 3-, tn- 5- 
adelplious) at the base, and atlliert'nt to the bases of the petals; anthei*s 
2-celled; seeds lew, sometimes arillate; albumen little or none ; embryo 
straight or folded, Avith the cotyledons large and ihiii, oily. 


Illustrative Genera. 


Tribe 1. Phizorole.e. 
Cary oca r, L. 

Tribe 2. Marcguaaa’iile. 
Maregraavia, L, 

Tribe 3. TKUNSTRCKMlEiE. 
Ternstrocmia, L. f. 


; Tribe 4. Saurauje.e. 

I Sauraja, JI7//(/. 

I Tribe o. (Uirdonie.e, 

I Gordoiiii^ EUis, 

I Camellia, Linn, 

\ Ttibe 0. Honnettle, 

I Kielmeyera, Mart, 


Affinities, &o, — Ternstrauniads ditfer from Pixads in their maiiy-celled 
ovary and want of stipules; from Dipteroearps in their calyx, Avhich is 
not accrescent, their mniiy-celled ovnrv, and Avalerv (not resinous) juice. 
From Tiliacecp they dilft'r in their imWicatti (not valvate) calyx; from 
Gnttilei*s in their alternate leaves, usually perfect lloAvers, long style, 
curved embryo, &c. From Ilypericads they difler in habit, foliage, and 
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inflorescence. Through Sauraja they are connected with the Ericaceons 
gemis Clef lira and with Dilleniads. JElwya establishes a connexion with 
^^potacecei but these latter plants have extrorso anthers. The tribe 
Marcffraavivfr, by some considered a distinct Order, comprises a few 
plants difleriug from the rest of the Order in their aggregate flowers, 
mtrorse, basifixed anthers, sessile stigmas, and specially in their very 
peculiar horn-like tubular bracts. The BJiizobolece are large trees, with 
opposite digitate leathery leaves, with an articulated stalk, and no sti- 
pules ; sepals o or 0, more or less coherent, imbricated ; petals 5-8, inserted 
with the numerous stamens on an hj^ogynoiis disk; stamens slightly 
coherent, in* two circles, the inner snorter and often abortive; ovary 
superior, 4-5- or many-celled, with as many short styles and minute 
stigmas, each cell with 1 ovule attfx?hed in the axis; fruit of several 
combined indeliiscent 1-seeded nuts, with a large exalbuininous seed 
chiefly consisting of an enormous radicle with the cotyledons lying in a 
groove. 'File large palmate leaves of Caryocar resemble thost> of ^Esculua ; 
but here the radicle, and not the cotyledons, forms the mass of the embryo. 

Distribution. — The Ternstroemiads constitute a rather large family 
distributed mainly in tropical America and I‘'.astern Asia; very few are 
found in North America, and one species in the Canaries. 

Qualities and Uses. — Some Scturajas possess emollient properties. Gor^ 
donia is astringent. Tea is the produce of Then chinensis ; black tea and 
green tea are produced by the same plant, the difTerence consisting in tlie 
time of picking and mode of preparation of the leaves. TIkj stimulant 
properties of tea are due to the presence of a volatile oil and an astrin- 
gent principle ; the nutritive qualities to a nitrogenous substance called 
theine. The leaves also contain caaeine, which, being insoluble in wat(‘r, 
is not utilized by us : but it is stated that the Tibetans, after drinking 
-the infu-sion, mix the leaves with fat and then eat them. 

Assam tea is the produce of a species, /T, Assn mica ^ a native of tlio 
district whence its name is derived. Camellia Saaanqua is used with 
Olea fray ram to give flavour and perfume to Chinese tea ; C, oleifvra 
affords excellent salad-oil. Freziera fheoides is matle into tea in Panama. 
The Marcgraavias have diuretic properties. The Souari nuts of commerce 
are the separated fruit-lobes of Caryorar hnlyromm, so called on account 
of the oil in the seeds. The timber of this tree is highly valued. Many 
of the plants of this Order are in cultivation on account of their handsome 
flowers, such as the Camelliaj of which many hundred varieties are grown, 
Gordonia, Stuartiaj &c. 

Order XXX. CLUSIACEiE or GUTTIFERiE. 

The Gamboge Order. 

Class. Guttiferte, Endl, All. Guttiferales, Lindl Coh. Guttifernles, 
Benih, et Hook. 

387. Diagnom . — Trees or shrubs, occasionally parasitical, with resinous 
juice ; opposite, coriaceous, exstipulate, entire leaves ; flowers axillary or 
terminal, perfect or diclinous by abortion ; sepals imbricated in 2 or more 
decussating pairs, usually persistent and netaloid ; petals hypogynous, 
isomerous with the sepals, sometimes coniounded with them ; stamens 
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hypogynouR, numerous, distinct, or in several parcels, rarely definite, 
filaments of various 'lengths ; anthers adnate, not beaked, sometimes 
1-celled, opening by a pore or transverse slit; disk fleshy, sometimes 
5-lobed; ovary superior, 1- or many-celled; stigmas sessile, peltate, or 
radiate ; ovules solitary or few on axile placentas ; seeds frequently with 
an aril, without albunien. 

Illustrative Genera. 

Clusia, L. Xanthochymus, lt%vu. Calophyllum, L, 
Garcinia, Z. Cambogia, Z. 

AfiOnities. — This Order is related to the Hypericaceae in many respects, 
but may be distinguished by the tree-likt* habit, the leathery leaves with 
articulated stalks, the tendency to a binary arrangement of the floral 
envelopes, the seeds usually solitary in the cells of the ovary, &c. The 
genera with »5-merous flowers, Armdea^ Moronohern^ &c., fonn a connecting 
link. The relationship to Ternstrmmiads has been alluded to under that 
family. The Clnsirc are described as parasitical, overgrowing other trees 
and killing them : perhaps, however, tney are merely epiphytic, like Ficiis, 

Distribution. — The geneva are about twemty-five in number, comprising 
some two hundred and fifty species, distributed throughout the tropics, 
chitjfly in South America, hut some in Africa. 

Qualities and Uses. — An acrid juice, forming a yellow gum-resin, wdth 
purgative pro])erties, is one of the most striking chnracteristics of this 
Order. The various kinds of Gamboge are the most familiar examples of 
this substance : but from which species they are dtuived appears to bo 
doubtful. Ceylon gamboge is said to be derived from Cambofpa Gutta 
{llehradvndroH Camhof/mde.% (irah.); the Pipe-gamboge of Siam from 
Garcinia cochin-chinenm ; (k»org gamboge is also from a Garcinia ; 
G. elliptica furnishes the gamboge of Sjlhet. The species of Cimia yield 
a useful resinous juice, as do those of CalojdnjUion^ C. Calaha furnishing 
the East-Indian resin c'alh'd Tacamahaca. Pentadesma hdijracea^ the 
Putter- or Tnllow-tree of Sierra l^eone, is so named from the yellow fatty 
substance which exudes from the cut fruit. Although the reeinous juices 
are usually so active in their properties, the fruits of various Clusiacejo 
are not only edible, hut liighly prized for their delicious flavour. The 
Mnmniee Apple, or Wild Apricot of South America, is the fruit oiMammea 
africana\ the jiiice of the flowers Is fermented and distilled, and the sap 
is made into a kind of wine. The ceh'brated Mangosteen is the fruit of 
Garcinia Manpostana (native of Malacca) ; other species of Garcinia^ as 
G. pednncnlata, cornea, &c., have edible fruits. Clasia Jldva is called the 
Wild Mango, or Monkey-apple, in Jamaica. 


Order XXXL HYPERICACE^.* The St.Johns Wort 

Order. 

elms, Guttiferre, Endl. AIL Guttifemles, LtndL Coh. Guttiferales, 
Beidh, et Hook, 

388. Diagnosis , — ^Ilerhs or shrubs with opposite, entire, dotted leaves, 
without stipules ; regular hermaphrodite flowers, the petals mostly oblique 
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or convoluted in the bud ; the many or few stamens polyadelphous, some- 
times with glands between them; capsule 1 -celled, with parietal 

• placentas and as many styles, or colled by union of the dissepiments 
in the centre; dehiscence sopticidal; seeds numerous, exalbuminous. 

Illustrative Genera. 

Hypericum, L. | Paniassia, X. (aberrant form). | Yisniia, Velloz. 

Affinities. — This Order is not distantly removed from the Clusiacea^ : but 
the habit, the horniaplirodite flowers, usually distinct styles, the want of 
articulation of the pedumdes and petioles, the numerous seeds, and the 
o-merous floral envelopes treneraily afford distinctive marks. From 
Ternstroerniads they differ in their cymost' inflorescence and opposite 

• leaves. The dark- coloured "lands on the borders of the petals are very 
characteristic here, as also the polvadelphous stamens, which are some- 
times re^anb'd as instances of chon'sis (§ 14*.^, but which more probably 
are compound stamens. The "(uius Panuiti^ia differs from the rest of the 
Order in its alternate leaves and the stitriiias opposite? the parietal phlcellt^us ; 
but in some species of ILipericum tlie axile ])lacentas become drawn apart 
durin" the ripeniii" of the» se‘e?d, and show thedr really marginal origin ; 
and the "lands on the petals of Parunma are probably related to the 
bundles of stamens of ITj/pericum. Paniassia is regarded by some? as 
referable to Droseracom ; it forms a link connectin" the present Order 
with Cistacete and, heiii" sometimes peri"ynous, also with Saxifragacete, 
with which latter jn*oup, indeed, it is associated by Hooker. 

Distribution. — are a considerable number of species, distributed 
through 8 or 10 genera. The plants are generally disp(‘rsed throughout 
the temperate and warmer regions of the globe. 

, Qualities and Uses. — When a yellow juice resombliu" that of Clusiacem 

exists, it is more or less purgative, as in some Anu'rican Ilifprrica, and 
still more in the species of Vismia, which yield a giim-ri?sin like gamboge ; 
that of F. fiaiatimsis ( Mexico and Surinam) is known ns American ffiimmi 
Gutta. In the Hiiropean .species of ILfpericaai the essential oil of the glands 
predominates over the yellow juice, and they are sometimes us(?d as toiii(!S 
and astringents. JL Androsremam and the many other native s])pcies have 
a strong and peculiar odour, especially whf?n dri(*d ; //. hircinum is feetid. 

(HEArMimiACE.E consist of a few plants scarcely soparabh* from Il^ie- 
ricaceoe. They have shaggy seeds with a small quantity of albumen, and 
a pair of appendages at the base of the petals. Bentham and Hooker 
refer them to Tamaricacem, from which they differ in their solitary 
flowers and floury albumen.) 


Order XXXII. ELATINACE/E. W iter Peppers. 

Class. Guttiferne, Endl. All. Rutales, Lindl. Coh. Guttiferales, 
Benth. et Hook. 

389. Diagnosis . — Little annual marsh-plants, with oxiposito dot- 
less leaves and membranaceous stipules ; flowers minute, axillary ; 



THALAMIFLOR-E. 


233 


sepals and petals 2-5 ; capsule 2-5-cellod, with an equal number of 
styles with capitate stigmas ; seeds numerous, exalbuminous. 

Illustrative Genera. 

Elatiiie, L. | Bergfia, L, 

Affinities, Ac. — This little Order consists of a few species scattered all 
over the world, generally acrid in character. Their relations are variously 
H'garded l)y dilleivnit autliors : forjiierly tlivy pla{!ed nt?ar Ahume 

iji CarvopliyllacOfT, from wliich their iiiany-celled ovary divides them ; 
tliey appear at least equally redated to TTypericacec'e, from which they 
diller in the pr(‘sence of stipnh\s and the isonnirous flowers ; they come 
near to Zygopliylhicea^, as shown by Tnudley, the transition being elFected 
through the genus Anatropa. 


Order XXXIIl. SAPIND AGILE. Soap-worts. 


Class. Accra, End!, AIL Sapindah‘s, Lhull. Coh. Sapindales, 
Benth. vt lloak. * 


oOO. Diafjnom, — Trees. shruh>, or rarely herbs, with simph‘ or com- 
pound altiTiiate f*r opposite leaves : li(»wers mostly nnsymmetrical and 
irregular, the 4-o sepals and petals imlmcaled in aestivation : the latter 
often provided with a scale at the base ; the o-tO stamens inserted on a 
fleshy hypogynoiis or porigynous disk ; ovary 2-o-celled and lubed, with 
2 (rarely more') ovules in each cell ; embryo mostly curved or convoluted, 
without albunum, 

iLIA Sl It VTIVK GkNKHA. 


Suborder 1. Saptndk.e. Leaws 
alternate: ovules niostli/ solitarj/; cm- 
hnjo curved or sometimes stradjht. 
(hardiosperinum, L. 

Paiilliuia, L, 

Sapindus, L. 

Chipania, L. 

N(‘pheliuiii, L. 


JLculus, L, 

Pa\ia, Bod’h. 

Suborder 'b 1 )o[)OMLE. Leaves 
alternate: (n'ules 2 or 3 in a cell: 
end)n/(P spind. 

Kodreuteria, Lam. 

( )phlocarvon, Scltumb» 
Subt>rder4. Mkliosme.e. Leaves 


Suborder 2. IIiProcASTAXiLK. ; alternate : /fou'ei's veni irre(/ular.sta-~ 
Leaves opiufsite : ovules 2 in (r Cl IL one mens o, onh/ 2 fertile ; ovules 2 in 
aseendimj^ the other suspended ; <*///-; eueti vvU, huth suspended; embryo 
hnjo curved, with Ictrge consolidated , folded up ; fruit a drupe, 
cotyledons, i Moliosiua, En^l. 

Affinities. — Some authors separate the Ilippocastanew and make them 
a distinct Order, on account of the opposite leaves and tlie two ovules ; and 
tlic Meliosmeee on account of tin* irregular flowers and drupaceous fruits ; 
hut these distinctions are esteemed iusuflicient. These plants are nearly 
related to Aceracea^, especially by the samnroid fruits common hero : the 
main distinct! pns are variable : for the two carpels, the opposite leaves, 
and the absence of scales on the petals and of an nril may be noted in 
Sapindaeeae : from Malpighiacete, which have saimu'oid fruit, they are 
distinguished by their unsymmetrical flowers. 
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The peculiar convolution of the embryo is a very marked character in 
many of the Sanindaceie, and is very curious in Ophiocaryon^ the Snake-nut. 
The Vood of the stems of some genera, such as Sapindtis^ PaidUnia, kc,^ 
presents anomalous conditions from the distribution of the tibro-vascular 
structures into several groups, so that the trunks have a number of false 
Tvoody axes besides that surrounding thepith, all enclosed in acommon bark. 

Distribution. — The members of this large group are natives of the 
tropics, especially of South Amt'rica and India; some occur in North 
America and other tempec^te regions; the Horse-chestnut is only 
naturalized in Europe. 

Qualities and Uses. — The properties of this Order are very various. 
They take their name from tne saponaceous principle contained in the 
fruits of species of Sapindus, S. Sapmuiria &c., wliich makes a lather 
with water ; hence the fruits are us^ for washing both in the East and 
West Indies ; the Horse-chestnut, JEmdus Hippocastamwij possesses it 
to a certain extent. The fruits of Sttpindna are acrid ; and the juice of the 
leaves and bark of some species is poisonous, as are the seeds of & svnc- 
galemis. The fruit and leaves of the American Horse-chestnut or Buck- 
eye, ^Esctdus ohioemiSy are said to be actively poisonous, while the seeds 
of JE. Jlippocastanum are given to sheep in Switzerland. The Paullinias 
are very poisonous, from an acrid narcotic principle ; yet P. sorbilia fur- 
nishes in its fruits an article of food for the Brazilian aborigines, called 
Gujirana bread. Other plants produce delicious fruits, such as the 
Chinese Litchi, the Longan and the Rambutan, from species of Ac- 
phelium\ and the fruits of SchmkleUa eduUn (Brazil), yieUoocca bijuya 
(\yest Indies and Brazil), Pappca capensisy Cupania mpiddy PauUinia 
mbrotundiXy Schkdchera trijugay tiapindua escidentusy &c. are all eaten. 

(STAPHYLEACJliE, Comprising a small number of species, were formerly 
regarded as related to Celastracens, but are now placed near Sapindaceie, 
from which they differ chiefly in their stipulate, opposite, pinnate leaves, 
symmetrical flowers, albuminous seeds, and straight embryo. They arc 
of little importance ; the species of Staphylm are scattered all over the 
world. S, pimata, the Bladder-nut, a native shrub, has oily and slightly 
purgative seeds.) 


Order XXXIV. ACERACEtE. Maples. 


Class. Accra, Endl. AU. Sapindales, Lindl. 

Fig. 

391. Diagnosis , — ^Trees or shrubs with oppo- 
site leaves, regular, unsymnietrical, polygamous 
or dioecious, sometimes apetalous flowers; 
stamens on a fleshy disk (Pg. 353); ovary 
2-lobed, 2-celled, with 2 ovules in each cell ; 
fruit a double samara, tvith 1 seed in each 
cell; seeds without albumen; cotyledons 
folded; radicle inferior. 


Illustrative Genera. 

Acer; X. | Negundo, Mcench. 



Stamens and 
ovary of Acer, 


Fig. 354. 


Embryo of Acer 
extracted from 
the seed. 
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Affinities. — Nearly related to Sapindaceoe, and placed with them by 
Bentharu and Hooker, from which, however, they differ in their opposite 
loaves and petals without scales; allied also to MalpighiaceaS; from which ^ 
they differ in the absence of glands on the calyx, superior radicle, and 
other characters. 

Distribution. — The group consists of 60-70 species, natives of the 
temperate parts of Europe, Asia, and North America. 

Qualities and Uses. — Chififly remarkable for the sap, from which 
abundance of sugar is obtained in spring, especially from A. mccharimim 
(North America). Their light and handsome timber is also valued for 
joinery &c. The bark is astringent, and used in dyeing. A. campedrej 
native JMaph?, and A. pscndo-Platannsy the Sycamore, are common trees 
in liritain. Nvtjundo and various other kinds of Maple have been in- 
troduced from North America on account of their beauty as ornamental 
trees, especially in autumn. 


Order XXXV. POLYGALACEiE. Milk-worts. 

Class, Polygalimc, Emil, All. 8apindales, Lindl, Coh. Polygalinesc, 
limth. et Hook. 

392. Did^msis , — Herbs or shnibs ivith alternate, oxstipulatc, sim- 
ple leaves ; irregular hermaphrodite flow’crs ; 4-8 diadelphous or mo- 
iiadelphous stamens ; the anthers 1-cellcd, opening at the apex by a 
pore or chink ; fruit a 2-cellcd, 2-seedecl pod ; seeds caruilculated. 


Cluiracter, 

Cahjx : sepals 5, very irregular, distinct, often membranaceous ; 3 
placed exterior, 1 behind and 2 in front, the interior 2 {\vimjs') 
lateral, usually pctaloid. 

Corolla : petals usually 3, 1 anterior and large (keel) and 2 pos- 
terior, between the wings and posterior sepal of the calyx, and 
often coherent with the keel ; sometimes 5, the additional 2 small, 
and placed between the wdngs and the anterior sepals on each 
side ; the Iced entire and with a fringe or crest, or 3-lobed and 
without a crest. 

Stamens hypogynous, 8, coherent in a tube, unequal and ascend- 
ing ; the tube split opposite the back sepal ; ok 4, distinct ; an- 
thers clavate, 1 -celled, and opening by a terminal pore, or 2- 
celled. * 

Ovary compound, 2-3-celled, one cell always suppressed in some 
cases ; ovules suspended, solitary or twin ; style and stigma simple, 
sometimes hooded. 

Fruit various, dry or succulent, sometimes wdnged : seeds pendu- 
lous, naked or with a hairy coat, a caruncle n6xt the liilum ; em- 
hryo straight or nearly so, in abundant albumen. 
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Illustkative Geneka. 

Saloinoilia, Lour. ^[onniiia, liniz ^ Par. 

Polvjrala, L. Securidaca, L, 

Miindia, Kunth. Xantliopliylliini, Roxh, 

Krameria, Laffl. (?) 

Aflftnities.— The relations of tlie Polypralaceae have been a subject of 
much discussion aiiioui*' botanists. The irregular corolhi, somewhat 
papilionaceous in Pyh/f/alu, h-d to a comparison to Le^uminosje, 
from which, however, they diller widely: moreover tlie odd petal is 
anterior in Polyg-alads, not next the axis as in Leiruminosio. The irregu- 
lar petals, togetlier witli the liooded stigma, liave suggest(‘d a relationship 
to ViolacoA* ; Kramma has beeirreferred by some writers to tlie Cmsal- 
pineous division of the Legumiuoste. M(xst authors, howf‘ver, are agreed 
that the nearest affinity is to Sapindacea). Krameria is raised to the rank 
of a distinct Order by a few writers, on a(*count tlie dillerent corolla, 
composed of o petab, 4 (often free) stamens, and l-c»‘lled ovary. 

Distribution. — A large (Irder, in*arly half the sptMm's of which are com- 
prised in the otius Pobif/ala and are very geiH'rally distributed; the 
others are mostly contined to particular quart(‘rs of tlie globe. 

Qualities and Uses. — The plants of this Ordt'i* are mostly bitter, and 
acrid or astringent, with a milky juice in the root. The common Milk- 
wort, P. ru!f/(frh, and especially tln‘ form called 1\ amarn^ jiossesses 
bitter properties, but in less dt‘gr«*e than P, ruhella of North America. 
Soulamia amara (Molucca) is said to be intensely Intter. The more 
active species of Pohigala have eimdic, purgative, and diuretic properties : 
P. Senega American Snake-root, with 1\ mnguitwa and purpurea, the 
Cape P. Si^rpvnfarUu the European P. i'ham(ehu.iu.<, the P, vrofala- 
rioHle< of the Himalaya t^'c., all show this ])roperty ; and they are like- 
wise all reputed antidotes against the poi.snn of snakes. P. venenom ( .Java ) 
is regarded as a pois(»n, the properties being excessively concentrated, 
P. tinctoria (North America) is used in dyeing, 'flie lairk of the root of 
a speci(‘s of Mundia contains a saponaceous substance, and is nsi?d for 
wasning. Krameria triandra and other species, called Phatany, an3 
remarkable for the powerful astringent quality of the roots, which gives 
a deep red colour to an infu>i«m. Ith itany-root is usi‘d in medicim*, and 
is employed also to adulterate Port wine. 

(TnEMANDRACE.E are a small Order of plants related to l'olygalac(\'n, 
but with a regular, symmetrical Hower, valvate calyx, free staunms, and 
seeds hooked at the chalazal end. They may be regard(‘d as regular- 
flowered Polygalas, De (Jandolle placed them iM^tween Polvgalact'a? and 
Pittosporacete. They are slight, heathy shrubs, growing in Australia; 
16 species are known, belonginjf to the genera Tremaudra^ Tetratkeca^imA 
FUttglheca, They denive their names from the ponni dehiscence of the 
aathers, and are of no known use.) 
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Order- XXXVI. MALPIGHIACE^, 

Class, Acera, EndL All. Sapindales, LindL 

393. l)ia<jnosis . — Trees or shiiibs, often climbers, with usually opposite 
or whoiied, rarely alternate leaves ; stipules generally short and deciduous^ 
occasionally large and opposite the leaves ; jhn / ts perfect, or polygamous ; 
calyx and corolla o-nierous, calyx with glands at the base of I or of all the 
.segments ; petals clawed ; .stamens mostly ^10, often moiiadelphous with a 
thickened produc(?d coniiecty^'e ; carpels 3, or \ ery rarely 2 or 4, wholly or 
partly coh(*reut, often k(^eled ; ovule.s .solitary in the cells, pendulous from 
long funiculi ; .seeds exalbuininous j embryo with mostly convolute thick 
or leafy cotyledons. 

I LLUSTU ATIVE G KXER A. 

Malpighi a, Ehtm. Nitraria, L. 

Jlyrsonima, liieh, Ihinisteiia, L. 

Affinities, &c. — The clos(‘st relations of this Order are.Sapindacece and 
Aceraccfe, from which they are. distinguished by their symmetrical flowers, 
and generally by tlie glaiul.s in the calyx, the long stalks to the petals, the 
small disk, and .solitary ovule. Some t)f the climbing kinds have stems of 
anomalous .structure with several woody axes, without annual rings, en- 
closed in a coniinou bark, or ultimately more or loss separat(Hl from one 
anotlnjr. Xitraria, a genus of .saline plants, is sometimes separated as a 
distinct Order. Tlie Order i.s a large one, comprising many genera and 
species, which latter are mo>tlv Tropical-American. Tlieir properties are 
generally unimportant; many of them have l)een iniroduetd into our 
.stoves on account of their .‘showv Rowel’S. The fruit^^ of Malpiyhia (/labra 
and jnoiicifoUa are eaten in ihe \\ cst Indies. nmh‘r the name of Barhadoes 
Cherries. INIunhy suppevses the sedative or semi-intoxicating di;upe of 
Eitmria iridentaia (North Africa) to have been th(‘ Lotus ol‘ the ancients. 
The bark of most kinds is a.stringent : the hairs of some Malpighias sting 
powerfully. 

(Eiiythroxylace. 35 ni'c bv some authors separated from the Malpighi- 
aceie on account of the calyx liaving no gland.’^, while the petals present two 
inembranou.s plate.s, on account of their capitate stigmas, and the absence 
of a long funiculus to the anatropous ovule. They are closely allied to 
Linacece^ with which, indeed, they are lu^sociatcd by Beiitham and Hooker, 
but differ in tbe presence of scales to tlie petals, tbeir drupaceous fruit, 
and woody stem. They are shrub.s, mo.stly belonging one genus, Enj~ 
thro.vyhm^ and found most abundantly in "Jlrazil ; but a few are scattered 
all over the globe. They receive their urfine from the red colour of the 
wood of some kind.s, such as En/throxj/lon hype riel folnnn (Mauritius). 
The most remarkable plant of the Order’is'if. Cocu, the leaves t>f whicli, 
under the name of Coca or Ipadu, are largely ronsumed‘'iii Beru ami in 
Equatorial America, to produce a kind of intoxication ; “Coca '‘ is .said to 
enable tbe natives to go two or three days without food ; it is mixed with 
powdered chalk and chewed. Several species of Erytlirvxyhn are recorded, 
and two or three belonging to other Genera.) ^ ' 
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Order XXXVII. CEDRELACE^. The Ebony Order. 

Class, Ilesperides, Endl, All, Rutales, Lindl, Coh, Geraniales, 
Benth, et Hook, 

304. Diagnosis , — Timber trees wdtli alternate, pinnate, exstipulate leaves ; 
calyx and corolla 4-5-merous; stamens 8-10, distinct, inserted in an 
hypogynous disk j ovai'v with 4-5 cells or 3^ ovules 4 or more, in 2 rows ; 
fruit capsular, the valves separating Irom an angular coluum ; seeds Hat, 
winged j albumen thin er none. 

Illustrative Genera. 

Swietenia, L, ' | Flindersia, IL Br. ( Cedrela, L, 

Affinities, &c. — Nearly related to Meliacea?, and included in that family 
by most recent authors. The species are distinguished chielly W the free 
stamens and the numerous winged seeds. Chloroxglon and Plindersia 
have dotted leaves. The plants ai-e most common in the tropics of ximerica 
and India. They have fragrant, aromatic, and tonic properties, and their 
timber is valuable, l^wietenia Mahogani is the Maliogany-tree ; its bark, 
and that of Cedrela Toona, felirifaga^ and oilier species, are used as sub- 
stitutes for Cinchona. Chloroxglon tSwieU ma furnishes East-Indiaii Satin- 
wood ; and an oil called AVood-oil is obtained from it. 0,vlvga xanthoxgla 
is the Yellow- wood of Austndia. 

Order XXXYIII. MELIACE/E. 

Class, Ilesperides, Endl, All, Rutales, Lindl, Coh, Geraniales, Benth. 

et Hook, 

305. Diagnosis . — Trees or shrubs with alteniate or somewhat opposite, 
simple or pinnate leaves, without stipules j flowers sometimes diclinous by 
abortion; calyx and corolla 3-, 4-, or 5-merous; stamens twice as many, 
coherent in a long tube ; anthers sessile in the orifice of the tube ; hypo- 
gynous disk sometimes cup-like ; ovary compound, few- or many-celled ; 
style 1 ; ovules 1-2, rarely 4 in a cell ; fruit succulent or capsular, often 
1-celled by abortion ; sedfs not winged ; albumen fleshy or auseiit. 

IlLUSTRATIAT: CirNEllA. 

Melia, L. Guarea, L, 

Lansiuuf, Buinph, Carapa, Anhl, 

Affinities, &c. — Nearly related to Cedrclacefe and Aurantiacem. A more 
distant affinity is with Sapindacete and Rutacere.. The spcies arc nume- 
rous, and are found in the hotter parts of the globe generally; th(;y possess 
bitter and astringent propeHies; some are powerfully purgative and 
emetic, such as Guarea AuUetii and trichilioidesj Trichiha emetioay &c. 
Melia Azedarach, the Neem-tree, or Margosa, of the East Indies, in sup- 
posed to have febrifugal properties ; its succulent pericarp yields an ou ; 
and a kind of toddy is obtained by tapping it. Carapa guineensis yields a 
purgative oil, which is used also for lamps. Lamium^ a genus of tlie East- 
fndian archipelago, yields an edible fruit called Langsat or Lauseh and 
Ayer-AyeT. 
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Order XXXIX. AURANTIACEiE. The Orange Order. 

Cla^a, Ilesperides, Endl* All, KutaleS; Lindl, ’ 

39G. “Trees or shrubs with smooth, glandular alternate 

leaves, the blade jointed to the petiole; dowers regular, hermaphrodite, 
3-5-merous ; petals and stamens inserted on an hypogynpus disk ; stamens 
with flat dluments, distinct or coherent into oru^ or several parcels ; ovary 
many-celled, style single, terminal ; fruit pulpy, often with a glandular 
leathery rind ; seeds without albumen ; emoryo with thick deshy cotyle- 
dons and a short radicle next the hilum. 

Illustrative Genera. 

Triphasia, Lour. Cookia, Smner, ^Egle, Corr, 

Itissoa, Arn, Feronia, Corr. Citrus, L, 

Jiergera, Koin. 

Affinities. — The plants of this Order are by Bentham and Hooker classed 
as a tribe of Itutacecr^ and are nearly related to the Meliaeeoe in tlio struc- 
ture of the dowers, and still more closely to .Vmyridacete, In gcneml 
they are distinguishabh* by the dotted h*#ive8, with the blade (simple or 
compound) articulated to the petiole, tlu^ deciduous imbncated petals, 
and the succuhmt fruit. The relation to 1 tntacefe is rendered clearer by 
occasional monstrosities of tlie fruit, from which some of the carpels grow 
out like horns. Sometimes a second circle of carpels is produced, forming, 
as it were, a double concentric fruit, comparable in some measure to the 
conditions in the Pomegranat(\ wliere, however, the whole fruit is en- 
closed in the excavated receptacle. The seeds of Oranges often contain 
two embryos ; and they are remarkable for the development of ramified 
collections of spiral vessels at the chalazal end, within the testa, also for* 
a peculiar coloration of the inner ct»at of the seed in this situation. 

Distribution. — Chiefly Kast-lndian plants, but dilVused by cultivation 
throughout the tropics, and even in the warmer temperate regions. 

Qualities and Uses. — Tlie most remarkable parts of these plants are 
their fruits; those of the genii'^ Citms being among the most valuable and 
best-known of imported fruits. The .species ot’ ( 'itrus are not clearly de- 
fined, much difierence of opinion existing as lb the specific distinctness of 
certain forms, which, as in most cultivated plants, are much confused. 
C. Aurantimn is the common 8weet Orange ; C. Bi(/aradia or C. vul(/ariSf 
the bitter or Seville Clrange, seems to be known only in cultivation, and 
is supposed by some to be a variety of the preceding. C, Jien/amia is the 
Mellarosa or Bergamot Orange, which is also regarded as a vaiiety of C. 
Limettaj the cultivated Sweet Ifime ; C. acida is the |kist-Iudian Lime ; 
C. Limouhim is the ordinary Lemon ; C. Lumia is the Sweet Lemon, cul- 
tivated ill the Soutli of liluropo ; C. medicSt is the Citron ; C. decumnna is 
the Shaddock; C. ParadiM the Forbidden-fruit ; C. Pompelmos the Fom- 
pelmoose; C. japonka the Kuniquat All these fruits have an 
abundant pulp, which varies chiefly in the degree of acidity and the 
j^eculiar aroma ; tliat of C, Bitjaradm is also bitter. The rind of all is 
fragrant, from the presence of imbedded glands containing essential oil of 
aromatic and bitter character ; the flowers piu'take of the aromatic quality. 
The oil of Neroli is obtained from the flower of C. Bigamdia ; but the oil 
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of tlie rind is also used for making Orange-flower water. Oil of Berga- 
mot is from the flower and rind ot the fruit of C. Jk^rgnmia^ huile de fV- 
• drat from C. medicn ; the essential oil of the Lenion-rintl is also largely 
used. Tlie rinds are also valued for their bitter and aromatic properties 
when dried or preserved with sugar. The dry rinds of Orange, Lemon, 
4 ^c. are used as stomachics in medicine, in infusions and tinctures ; and 
are also employed in the preparation of liqueurs and cordials, sucli as 
Cura(,*oa kc . ; the fruit, rind, and pulp, when preserved with sugar, form 
marmalade," the best being made from the Seville Orange. The acidity 
of the Lime and Lemon depends chiefly on the presence of citric acid, and 
renders them very valuable as antiscorbutic agents. A^glv Mantuha has 
a delicious fruit, which, however, is laxative. . The rind is used as a ver- 
mifuge. Coohia jHmrtata yields the Wampee, highly valued iiiCliinaaiul 
the East-Indian archipelago; and the fruits of other plants of the Order 
are eaten. Tlie wood of all the trees is hard and compact ; the foliage 
shares the fragrant character of the fruits, containing abundance of glands 
filled with aromatic, bitter essential oils. The Orange, Lemon, and their 
varieties are largely cultivated in the South of Europe in tlui open air ; 
and in our conservatories they are everywhere prized, both on account of 
their striking appearance wlum in fruit and the dtdicious perfume of the 
flowers. . Orange- and Lemon- trees are wonderfully prolific of fruit ; and 
the plants retain tlieir vitality with g-reat obstinacy whtui taken from tlie 
ground and transported to a distance, and when they are multiplied by 
cuttings. 


Order XL. LINACEiE. The Fe.vx Order. 

Class. Gruinales, JEadl. All. Oeraniale.s. Lindl. Colt. Geraniale.fl, 

• Benth. et Hook, 

007. Diagnosis. — Ilerlis, or .sometimes sliruhs, without stipules ; with re- 
gular symmetrical lu-nnaphrodite flowers, 4— ‘>-merous throughout ; calyx 
imbricated; petals convolute in mstivation; staimms o, cohereut at the 
base, often with intervening sterile stamens ; ovary compound, of about 
as many carpels as tliere are sepals; styles distinct; capsme many-celled, 
each cell divided more or less perfectly into two by a false septum from 
the dorsal suture, each compartment with one seed, having a straight oily 
embryo and with, or rarely without, albumen. 

Illustrative Genera. 

Idnum, L. | Radiola, Dillm. 

, Affinities. — Most nearly related to Oxalidacere, hut likewise connected 
with Caryophyllac(*fe, 3Ialvacem, and Gerauiaceas by the general structure 
of the flowers, the coherent stafnens, &c. ; but the simple entire leaves and 
the peculiar structiirf; of the cap.sule arc ver^di.'tinctive marks. From 
Malpighiacene they differ in tlieir glandless cafyx. 

DiBiribntion. — A small Order, generally diflused, but most abundantly 
so in Europe and North Africa. . , . 

Qualities and Uses. — Lhwm catharfiemn^ a native weed, has active 
purgative properties ; but tlie most important plant of the Order is L. 
tmtatmimmuj the liber-fibres of which constitute Flax, while the seeds, 
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known as Linseed, yield a most valuable drvinjr-oil, and their cake forms 
an excellent material fpr fattening cattle. 'Pho flowers of many species of 
Linum are very showy (blue, yellow, pink, &c.), but are mostly fugacious. 


Order XLL OXALIDACE^. Wood-Sorrels. 

Class, Gruinales, AIL Geraniales, LihdL 

398. Diagnosis. — Herbs, or rarely shrubs or trees, with an acid juice ; 
mostly compound leaves ; regular, symmetrical, hermaphrodite, 5-merou3 
flowers ; calyx imbricated, and petals convolute in aestivation ; stamens 
10, somewhat monadelphous ; styles 5, separate ; capsule 5-celled, several- 
seeded ; seeds albuminous j embryo straight or curved. 

Illustrative Genera. 

Oxalis, L. I Averrhoa, X. 

Affinities. — Nearly related to Geraniacefe, with which Bcntham and 
Hooker unite them. From Linaceje they may generally be distinguished 
by their compound leaves and albuminous seeds; but tlie septa or the 
capsules of that Order afford the most constant distinction. The seedA'pf 
Oxalis have an elastic fleshy coat, which opens with elasticity and expels 
the seed when ripr. Some regard this as an aril, others as a development 
of the testa. Tne lea\ea of many kinds are sensitive, especially Oxalis 
senxitiva and Aoerrhoa liilimbi; but others possess the quality in lower 
degree. 0. buplenri/olia and some other species have phyllodes (§71). 

Distribution. — A rather large Order, the members of which are gene- 
rally diffused in temperate and hot climates ; most abundant in America 
and at the Oape of Good Hope. The shrubby kinds belong to hot climates. 

Qualities and Uses. — The most marked property of Oxalis is the acid 
juice, d<*.peuding on the presence of oxalic acid. O. AceUmdla^ Wood- 
sorrel, abounds in our woods. Averrhoa Bilhnbi, the Blimbing, .<4. Ca- 
rambolttj the Carainbole of the East Indies, have acid fruits, which are 
eaten by the natives, but used chiefly, as pickles by EuropeuTis. Some 
species of Oxalis have tubers furnishing wholesome food. O. cf'enata 
(Arnicacha) is u.sed like potatoes in Columbia; O. Deppet haa roots as 
large as small parsnips. T'he tubers of O. anthehnintiva^ the Mitcha- 
mitcho of Abyssinia, are said to be valuable as an anthelmintic. Many 
kinds are cultivated on account of the beauty of their flowers. 


Order XLII. GEllANIACEiE. Crane^s-bills. 

« 

Class, Gruinales, Endl. All. Geraniales. Xtw(//. Coh, Geraniales, 
Benth. et Hook, 

fH 

399. Diagnosis , — Herbs or shrubs, with articulated swollen stem- 
joints ; opposite or alternate Reaves, and membranous stipules ; regular 
or irregular, symmetrical, hermaphrodite, 5-merou8 flowers ; sepals 
imbricated and petals convolute in sestivation ; stamens mostly 10, co- 
herent at the base, the alternate ones shorter and sometimes barren ; 
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carpels 5, adherent to a central prolonged axis (carpophore), from 
which they separate when ripe by the elastic curling-back of the 
segments of the style, cariydhg away the 1-seeded dehiscent cocci. 

Character. 

Calyx : sepah 5, ribbed, persistent, more or loss’ifnequal, imbricated 
in the bud. 

Corolla : petals 5, or rarely 4 (by abortion), clawed, 
equal or unequal, twisted in aestivation, sometimes 
perigynous. 

Stamens mostly monad'elphous, hypogynous, 10 or 15, 
some occasionally abortive. * 

Ovary of 5 carpels cohering with their long styles to 
an elongated column from the apex of the recep- 
tacle, each 1 -celled, 2-ovuled; stiymas distinct. 

Fruit composed of 5 1 -seeded carpels, which sepa- 
rate below from the central carpophore (fig. 355), 
their persistent styles curling up and remaining 
attached at the summit ; each carpel bursting in- 
tprnally to discharge its seed ; seed exalbuminous, 
with a convoluted embiyo. 

Illustrative G rnera. 

Erodium, Ilerit. Monsonia, L. 

Geranium, HSrit, Pelargonium, H6rit, 

Affinities. — ^Many points of affinity exist with Oxalidaceao, Linacem, and 
Balsaminaceae, likewise with Tropjeolacea), and, less important ones with 
Zygopl^llaceae. The aiTangoment of the carpels round a column, the 
palmate leaves of some kinds, the nionadelphous stamens, and the con- 
voluted embryo cause a good deal of resemblance to some of the Mal- 
vaceae. The peculiar fruit, the stipules, the swollen joints of the stem, 
and the convoluted embryo separate this Order from the nearest allies ; 
from Malvacea3 it may be distinguished at once by the imbricated lesti- 
vation of the calyx. Pelargonium is ivmarkablo for a spur or pouch ex- 
tending from the base of the calyx and adlierent to the peduncle. Most 
of the plants have aromatic oil contained in glandular hairs, giving a 
musky or other strong odour. 

Distribution. — The species are numerous. Geranium and Erodium 
belong chiefly to the temperate parts of the Northern Hemisphere. 
Pelargonium abounds at the^Cape of Good Hope, and occurs in Australia. 
One species is found in Asia Minor, 

QuiUities and Uses. — Astringent and aromatic properties are general. 
The common weed O. Eohertiamimj had a reputation formerly, and the 
G. maevdatumf or Alum-root of North America, is a powerful astringent, 
containing a large amount of tannin. The species of Erodium which 
emit a musky odour are sajd to have similar properties. Some have 
^tuberous rooto ; that of Pelargoniuv% triste is eaten at the Cape of Good 


Fig. 355. 



Fruit of Cerauium, 
with th(* carpels 
dehiscent. 
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Hope. The species of Pelargonium are remarkable for the beauty of th^r 
flowers, which are more or less irregular and spurred, and have great sus- 
ceptibility of improvement by culture, and'a tendency to run into varieties, 
rendering them established florist’s flowers.” Many of them have zones 
or belts of colour in the leaves. The species of Geranium proper have 
regular flowers without spurs. 

# 

Order XLIII. BALSAMINACHylT. Balsams. 

Class. Gruinales, BndL All, Geraniales, Lindl, 

400. Diagnosis. — Annual plants with succulent stems, full of bland 
watery sap ; flowers hermaphrodite, very in-egular j stamens 5, somewhat 
united ; the fruit mostly bursting elastically when ripe. Embryo straight, 
exalbuminous. 

Illustrative Genera. 

Impatiens, L. ] llydroccra, Blum. 

Affinities, &c. — This Order is nearly related to Geraniacese, and is included 
in that tamily by Benthain and Hooker, but may be distinguished by the 
want of the peculiar carpophore of that Family, and by the much greater 
irregularity of the flower; the irregular flower also separates it from 
Oxalidaceab and other allied Orders. This irregular flower does not really 
depart widely from a sYmim‘.trical condition : it is completely 6-merous, 
except in the suppression in Impativm of the petal opposite the bract 
(which is developed in Ily^rocvra)\ the two small lateral sepals, the spur, 
and the double segment on the opposite side to the spur f(»rm an imbri- 
cated calyx of live parts; the odd petal opposite the two confluent sepals 
is suppiessed, and the others are generally combined into two l2-lobed 
bodies, but are sometimes free ; in single flowers the stamens alternate with 
these ; in double cultivated flowers a second corolline circle of live petals 
sometimes appears in the place of the stamens, awl the stamens alternate 
again wdth these. The structure of the ovary and its mode of dehiscence 
are also deserving of notice. The name of the genus Impntims is derived 
from the elasticity with which the capsule bursts wdien touched after the 
seeds are ripe. The species are rather numerous. A few are scattered 
over the globe ; but the majority are East-Indian. Their properties are 
unimportant. I. Balsamma is a valued tender annual plant ; 1. Noli^me- 
tangere grows in the north of England ; and 1. fulva (North America) is 
naturalized in some places in Southern England. 

(ViviANACE^ are a small Order of South-American herbs or half- 
shrubby plants, related to Geraniaceae, but having a valvate calyx and 
albuminous seeds. Properties unknown.). 


Order XLIV. TROPjEOLACEiE. Garden-Nasturtiums. 

Class. Gruinales, Endl. All. Malvales, Lindl. 

401. Diagnosis. — Smooth trailing or climbing l^erbs with a pungent juice*, ^ 
leaves alternate, exstipulatej flowers axillary, irregular, perfect; sepals! 

m2 
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3~5, the upper one spurred ; petals 1-5 ; stamens 6-10, perigynous, dis- 
tinct ; ovary superior, of 3 or 5 carpels ; style , single ; stiguuis 3-5 ; 
ovules pendulous, 1 in each carpel ; fruit dry ; carpels separating as in- 
dehiscent achenes from a central axis ; seeds large, exalbuminous. 

Illustrative Genera. 

Tropteolum, L. | Chymocarpusf Dow. 

AfflnitleB, &c. — A small Order of plants, natives of the temperate parts 
of South America; related to Malvaceae and Geraniacere, and included in 
the latter Family by Bentham and Hooker. The genus Tropceohnn con- 
tains the garden Nasturtiums, or Indian Cresses, notable for their pun- 
gent juice, somewhat like that of Cruciferre. Various species have a 
tuberous root ; that of T. tuberosum is eaten in Peru. The spur of the 
calyx of Tropaeolum is curious, resembling that of Pelarr/onmuif but is 
free from the peduncle. In some cases it would seem to be a tubular 
process from the receptacle. The flowers are mostly showy and of great 
variety of colour. The Canary Creeper, T. peregrinum or achincvm, may 
be noticed for the power of the full-grown plant to obtain its noiirisliment 
apparently almost entirely from the atmosphere, and for its climbing by 
twining its petioles, like Clematis, 

(LrMNANTHACEiE. a Small Order of North -American plants, arc chiefly 
di.stinguished from Tropfcolacem, with which they are associated in the 
family Geraniacece by Bentham and Hooker, by their regular flowers, 
erect ovules, and the adherence of the stamens to the calyx. Their 
properties are analogous. Lhnnanthes (( \‘ilifornia) has showy flowers. 
Flcerkia (United States) is a mere weed.) 


Order XLV. ZaTGOPHYLLACE^. Bean-Capers. 

Class. TerebinthinoD, Ejidl. AU. Butales, Lindl. Coh. Geraniales, 
Hook, et Benth. 

402. Diagnosis. — Herbs, shrubs, or trees with opposite stipulate, mostly 
imparipinnate, not dotted leaves; calyx and corolla 4-5-meroiis, im- 
bricated in aestivation; stamens twice as fnany,hypog 3 mous, each usually 
at the back of a scale ; ovary simple, surrounded by glands or a toothed 
disk, more or less deeply 4-»5-lobed, 4-5-celledf fruit capsular ; dehiscence 
valvular or into cocci ; few-seeded ; albumen iparing or none. 

Illl^thativt: Genera. 

Tribulus, Toumef. Zygophyllum, L. Melianthus, L. (?) 

Peganum, L. Larrea, Cav. 

Fagonia, Tmrnef. Guaiacum, Plum, 

Afflnitief.— This Order is very closely allied to Rutacese (but difters in 
habit, the scaly stamens, and dotless leaves) through Peganuniy which is 
placed here chiefly on account of its stipulate, not dotted, opposite leaves. 
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With Simanibacese it agrees in the attachment of the stamens at the back 
of a scale, but differs in the short styles. Melianthm is an anomalous genus, 
which by some authors is taken as the type of a distinct Order supposed 
to have its nearest relations in Geraniaceae and Sapindacese. They are 
closely related to Malpighiace®, but differ in their glandless -calyces, 
scaly stamens, &c. • 

Distribution. — The species are not very numerous, and are 
in the warm temperate regions of the globe. Zygophyllum 
are especially characteristic of dry regions of Egypt, Arabia,, and Scinde. 

Qualities and Uses. — The so-called gum-resin, Guaiacum, is derived from 
Gxuiiacmn officinale, the bark and wood of which are also employed as 
diaphoretic and sudorific agents ; G. sanctum has similar properties. The 
leaves of these and of Porliera are used in place of soap for scouring 
in the West Indies. The remarkably hard wood called Lignum Vitae is 
derived from Guaiacum officinale or some other species ; all the arborescent 
plants of this Order have extremely hard wood. The flowers of Zygo^ 
phyllum Fnhago are used in the East for pickles, under the name of Bean- 
capers. The seeds of Peganum Harmala are used as spice in Turkey, and 
also in the production of the celebrated Turkey-red dye for cotton. Larrea 
mexicana is known by the name of the Creasote-plant. Zygophylluyn 
simplex has a very 1 'ad odour. 


chiefly found 
and Trihulus 


Order XLVI, EUTACE^. The Eue Order. 

Class. Terebinthinae, JSndL AIL Eutales, LindL Coh, Geraniales, 
Bcnth. et Hook. 

403. Diagnosis . — Herbs or trees with simple or compound exstipulate 
leaves, dotted with transparent glands containing aromatic or acrid oil ; 
flowers regular, 3-5-merous ; the stamens equal to or twice as many as the 
sepals ; tlie 'J-5 pistils S('parate or combined into a compound ovary with 
as many cells, sessile or raised on a prolongation of the receptacle v^yno- 
phore) or glandular disk ; style simple, or divided below ; fruit wdth the 
carpels either coherent or separating and bursting by one or both sutures j 
seeds in pairs or solitary j albumen present or absent, radicle superior. 

iLLUSTRAXmS GeNERA. 

Galipea, AubL Eriostemon, Smith. Barosma, Wtlld. 

Ticorea, AubL Correa, Smith. Dictamnus, L. 

Esenbeckia, H., B.y K. Diosma, L. Ruta, Tournef. 

Boronia, Smith. 

Affinities, &c. — This large Order is sometimes divided into two, Rutacem 
and Diosmene, the latter including the greater part of the genera ; but the 
distinctions seem insufficient — the Boroniem, which have the separable 
cndocarp supposed to be characteristic of Diosmecp, having albuminous 
seeds like B;ute<ie. The Order is connected with Zygophyllaceao bv Pega- 
num ; it is related also to Xanthoi^ylaceee, which are perhaps merely poly- 
gamous Rutacea). There is also an affinity with Aurantiacese (which aifler, 
however, in the fruit), and with Anacardioceee. Correay with its mono- 
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petalous corolla, seems to approach Ericacese, to^ which the IBoroniem 
have much resemblance in liahit. From Simnriibacere and Torebinthaceoe 
Riitals differ in their glandular leaves and in the nature of the fruit. 

Distribution. — Muta and its allies are found chiefly in Europe and 
North Asia: Dwsrna, Baro^ma, kc. at the Cape of Good Hope; Boronia, 
Enostemon, kc. in Australia ; and Galipea, Esenhechitty and their related 
genera in Equinoctial America. 

Qualities and Uses. — Generally remarkable for a strong aromatic or foetid 
odour, and possessing antiapasniodic and tonic properties. Angostura 
bark is derived from Galinen officimhX and apparently from G. Cmpana 
(Bonnlandia tiifoliata') ; Melam^ bark probably from some allied plant. 
The bark of E'ienheckin fehrifuqa is used in place of Cinchona in Brazil ; 
and that of Ticorea fehrifvga is another of the Qiiinas of Brazil. I’he 
Bucku plants of South Africa are species of Bnronmay Diosmay and their 
allies; their foliage, which is extremely glandular, has a very strong 
odour; and D. crenata, serratiWa, and others are used as anti spasmodic 
and diuretic agents. The leaves and unripe fruits of Hue (Buta praveo- 
lenn) are anti spasmodic, and are also said to be emmenaffoprue and anthel- 
mintic : It. wmfana is acrid : and its jiiice is described «as vesicating the 
skin, and even producing erysipelas and ulceration. The leaves of Coma 
alba and other species are used bv the settlers in Australia for Tea. Many of 
Riitacea) are favourite greenhouse plants, such as Boroma, Eno.<(femony 
&c. Dictamnns Fraxinella, a South- European plant, common in our gar- 
dens, is very glandular, and it is said that the volatile oil renders the atmo- 
sphere about tha plant inflammable in very hot weather. This account 
requires confirmation. These glandular plants are of course very inflam- 
mable in themselves. 


Order XLVII. XANTHOXYLACEiE. The Prtckly-Ash 

Order. 

Class, Terehinthinm, Endl. All. But ales, Lmdl. Coh. Geraniales, 
Bmth. et Hook. 

404. Eiafrnosis . — Trees or shrubs with alternate or opposite, simple or 
compound, dotted leaves, and flowers resembling those of Rutaceoe in 
almost every respect except that they are constantly polygamous, and 
sometimes have succulent fruity seeds albuminous, 

- Illustuative Genera. 

Xanthoxylon, Kunth. | Ptelea, Z. 

Affinittes. — The Xanthoxyiacefe are united by some authors with the 
Rtttaceae j their more remote relations are with Aurantiacom and Ana- 
cardiaceaj, which, however, not only differ in their fruits, but their seeds 
have no albumen. There is a considerable affinity to the Euphorhiacem 
and to Eraxinm among the 01eacea3, Ptelea having even a samaroid fruit. 

Dtotribntlon. — The species are not very numerous, and are generally 
distributed, but are most abundant in America. 

Qmaities and Uses. — Pungent and aromatic. Xanthoxylony a genus re- 



THALAMIFLOE-ffi. 


247 


presented in North and South America, as well as in India, China, &c., 
eminently possesses these characters, its species being commonly called 
Peppers in their native countries. X. Clava mdi fraxineuni (North Ame- 
rica) are powerful diaphoretics and sudoritics; X. nitidum (China) has 
a similar reputation ; X hyemale (Brazil), X. piperitum (China), j&c. are 
analogous. The unripe capsules of X. Rhetsa are aromatic, resembling 
orange-peel. The fruit of PteJea has a strong aromatic bitter taste, ana 
has been used as a substitute for hops. 


Order XLVIIL SIMARUBACEiE. The Quassia Order. 

Class, Terebinthinpe, Rndl. AIL Tlutales, Lindl. Coh. Geraniales, 
Renth, Hook, 

405. Diaf/nosts. — Trees or shrubs with alternate exstipulate leaves, with- 
out dots, usually compound ; calyx and corolla 4-5-merous ; stamens 8-10, 
each on the back of a scale ; anthers bursting longitudinally ; ovary stipi- 
tate, 4-5-lobed ; fruit of 4-5 indehiscent drupes round a common recep- 
tacle, or capsular or sainaroid, with 1 peudidous exalbuminous seed in 
each compartment. 

Illustrative Genera. < 

Quassia,/.. Simaruba, yluR Picrasma, R/wme. 

Simaba, Aahl. Ailanthus, Desf, Brucea, Miller, 

Affinities. — Belonging to the Rutaceous group, these plants are most 
closely allied to the Zygophyllaccw by the stamens and dotless leaves, to 
the Ochnac.(‘03 by the deeply lobed ovary, — differing from the former in 
the structure of the fruit and the number of seeds in a cell, from the • 
latter by the absence of a large disk and the dehiscence of the stamens. 

Distribution. — A small Order, the members of which inhabit South 
America, Africa, the East Indie.s, and the Malay archipelago. Cneonim 
occurs in tho Mediterranean district. 

Qualities and Uses. — The most striking property is great bitterness, 
whence they are used as tonics. Quassia or Bit ter- wood, used as a tonic, 
as a fly-poison, and as a suhstitiite for hops in^heer, is derived from this 
family. Quassia amnra (Surinam) is stated to he the true plant; hut 
Picrasma, or Picrcena excelsa yields the wood usually imported. The 
hark of the root of Simaruha amara is u|pd in the same manner. Brucea 
antidyspnterica has similar qualities, and was formerly mistakenly supposed 
to he the source of false Angostura bark. Simaba C^'dron has a reputation 
for curing snake-bites ; but recent experiments throw aoubt on this. At-- 
lanthus ylandulosa^ the “ tree of heaven,’^ is commonly grown for ornament 
ill this country ; its leaves afford nutrimeift to a species of silkworm. 

(OcHNACEiE are scarcely separable from Simarubaceae ; but the ovary is 
composed of carpels seated on a large fleshy disk instead of upon a stipe, the 
elongated anthers often open by pores, arid the simple leaves are without 
stipules. The thick gynophore of this Order aflbrds a close connexion 
between Rutacere and Geraniacefe. The properties are similar to those 
of Simarubaceae.) 
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(CoRiABiEjE is the name applied to a small group of plants belonginj^ 
to one genus, Coriaria, of obscure affinities, placed in this neighbourhood 
by 1 dndlev, but differing from most of the Rutales in their pendulous 
ovules with dorsal raplie. In some respects they approach liiytoUwcm, 
These plants have dangerous properties. Of (7. myrtifoUa the leaves, 
which are sometimes used to adulterate Senna, are said to produce teta- 
nus ; the berries are pois inous. The fruits of other species are said to be 
edible, but the seeds poisonous. C. myrtifoUa and ruscifolia are used in 
dyeing, infusion of the leaves giving a dark blue with sulphate of iron.) 


Order XLIX. PITTOSPOllACE/E. 

Class, Frangulaceas, Endl. All. Rerberalcs, Lindl. Coh. Polygalinm, 

. Bmth, et Hook. 

406. Diaynosts. — Trees or shrubs, often climbing plants, with alternate 
exstipulate leaves ; flowers regular ; calyx and corolla 4-5-merous, imbri- 
cated, deciduous; stamens 5, hvpogvnous, alternate with the petals, 
opening longitudinally or by apical })ores; ovary free; cells or placentas 2 
or more; style single; stigmas equal to tlie placentas ; ovules horizontal 
or ascending ; seeds numerous ; embryo minute, in fleshy albumen. 

Illustrative Genera. 

Pittosporum, Soland. Sollya, Lindl. 

Cheiranthera, Cmminyh. Billardiera, Smith. 

Affinities, Ac. — A small Order, placed by DeCandolle between Polyga- 
laceae and Frankeniacem, by A. Kichard near Rutaceie, by Endlicber in 
the neighbourhood of Rhamnaceae. JJndley regards them as near Vitaceae. 
From Tremandracene and Olacaceae thoy difter in their imbricate sepals 
and petals and their numerous ovmlcs. In other points they resemble 
Celastrineae, but they have no disk and no aril. Decaisiie points out an 
affinity with some Ericads, as Lvdum. The plants are chiefly from Aus- 
tralia; the berries of Billardiera arc eaten, having a pleasant acid flavour; 
but a resinous quality pervades the whole Order. Some of the species are 
cultivated on account of their flowers and coloured berries, as Sollya^ Bil- 
lardtera, &c. g 

Order. L. VITACEiE. Vines. 

Class, Discanthie, Endl. All. Berberales, Lindl. Coh. Celastrales, 

. Benth. et Hook. 

407. Diagnosis. — Shrubs with a watery juice, usually climbing by ten- 
drils, with small regular flowers, a minute truncated calyx with the limb 
mostly obsolete ; stamens as many as the valvate petals, and opposite to 
them, springing from a disk surrounding the ovary. Fruit succulent; 
seeds bony ; albumen bard. 
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Illustrative Genera. 

Oissus, X. PterisantlieS; Blum, 

Vitis, X. Leea, X. 

Affinities. — The relations of this Order are somewhat complex : a portion 
of the plants are related to Meliaceee, Celastrineae, and Rhamnaceae ,* but 
the nearest connexion would appear to be to the epigynoiis Order Arali- 
aceoe, especially through the Ivy, Hedcra. The characters of the group, 
however, are very distinct, in the hypog^uous stamens opposite the 
petals, and the climbing habit. The tendrils by which the stems climb 
are flower-branches, often exhibiting a few nodules representing abortive 
flowers ; in some cultivated Vines the seeds are constantly suppressed, while 
the fruit is perfected, as in the varieties yielding the Sultana raisins and 
the Zante grape or “ Currant.” Pterisanthes, a Javan plant, has a very 
extraordinary structure : its numerous barren and fertile flowers are deve- 
loped on a very large foliaceous peduncle having the form of a number of 
divergent plates set edgewise at the end of a long slender stalk ; the fertile 
flowers and beriies are sessile on both surfaces of the laminae, the edges 
being fringed with stalked barren flowers. The separation of the petals 
at tlicir bases, remaining coherent Jibove so as to form little 5-rayed stars, 
is worthy of notice in this Order. The species oi Ampelopsia, known as 
Virginia Creepers,” exhibit some interesting phenomena viz. the assump- 
tion of a crimsoji colour by the foliage in autumn, and the adaptation 
of their tendrils to form organs of altaichment to walls : the points of the 
tendrils insinuate themselves into little holes and cracks, especially in 
brickwork, and then expand inside the cavities so as to fix themselves as 
the stonemasons fix their “ lewi.s,” or key, into large blocks of stone. 

Distribution. — The genus Viti.% including A^npelopsis and Cissns^ con- 
tains a large number of species, natives for the most part of tropical and 
subtropical regions. The remaining genera have only a very fev/ repre- 
sentatives. The Vine is supposed to be a native of the shores of the Cas- 
pian ; but it has run wild in South Europe, and is cultivated all over the 
world where the temperature is not too low or too high : in the last case 
it runs away to leaf and does not produce fruit. The stems and roots of 
some of the Cissi of the East Indies are infested by the parasitical Raffle- 
siaceoc and Balaiiophoract'a?. 

Qualities and Uses. — The properties of the Vine ( Yitis vtnifera)^ with 
its innumerable varieties, are universally known j the Fox-grapes (Fto 
vulpina nnd Lahrusca) of North Americ^ have similar properties when 
cultivated, but are inferior. The bemes m the Cissi are acrid ; some yield 
a colouring-matter. The sap of the stems and leaves generally of the Order 
is sour, containing tartfiric acid. , 
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Subclass 2. CALrCIPLOK-/E. 

Flowers usually with a calyx and corolla; the petals distinct, 
springing from the calyx ; the stamens perigyiious or epigynous. 

The character of this Subclass, founded on the insertion of the petals 
and stamens upon .the calyx, is very artificial, and it is liable to exception 
in (pertain genera of Ordei's referable here. On the other hand, it is met 
with exceptionally in Thalainidoral Orders; and many cases occur where 
the conditions are difficult to ascertain. Moreover it causes the separation 
of very natural groups of Orders, such as the removal of Anacardiacene, 
which has both hypogynous and perigyiious genera, from the Subclass 
which includes the Hutacem, in acconlance with the striictiire of the 
majority. Centham and Hooker, apparently with a view to remove some 
of these anomalies, have proposed a subcfass or series which they call 
Discitlorte, the most important character of which consists in the presence 
of a large disk or expansion of the receptacle attached to the calyx or to 
the ovary, and from which the petals and stamens spring ; it thus includes 
some Thalamifloral and some Calvcifloral Orders. Tlie separation of the 
Perigynous from the Epigynous ()rders is rendered impracticable by the 
occurrence of the two conditions in one Order, as in Rosacea). 


Order LI. CELASTRACE^. The Spindle-tree Order. 

Class, Frangulaceae, Endl. AIL Rhamnales, LindL Coh. Celastrales, 
Benth. et Hook. 

408. Diagnosis. — Shrub.swith simple, mostly alternate leaves, and with 
small deciduous stipules ; small regular flowers, the 4-6 sepa’s and petals 
imbricated in aestivation ; stamens as many as the petals and alternate 
with them, inserted on a disk filling up the bottom of the calyx; seeds 
mostly arillate, albuminous. 

Illusthative Oenera. 

Euonymus, Touvnef. Catha, Forsk. 

Celastrus, Kwith. Elfeodendron, Jacq. 

Affinities. — Related tg Rhamnacese, difl’ering in the imbricated calyx 
and the stamens alternating with the petals. Aquifoliaceae, a mono- 
petalous Order, is very nearly allied; but the C«da>traceoe appear to have 
closer relations with some Thalamifloral Orders, such as Malpighinceao 
through Hippocrateacefc. The fleshy coat of the seed of Eumiymus is 
described ^ by Planchon as an arillode or false arillus, arising from the 
margin of the micropyle. 

Distribution. — A large Order, the species of which are generally diffused, 
but more abundant outside the tropics. 

Qualities and Uses. — More or less acrid, with oily seeds. Ewmymus 
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mropa^m^ the common Spindle-tree of our hedges, is used for gunpowder- 
charcoal. The inner, bark of E, tingms is used in dyeing; the seeds of 
E. europ<em are said to be purgative and emetic. The bark of Celastrus 
scandcm has the same properties. Catha edulis has stimulant properties, 
and the leaves are largely used by the Arabs under the name of The 
drupaceous fruits of Ekeodendron Kubu are eaten at the Cape of Good 
Hope. 

(Stackhousiace^’E are a small Order of Australian plants intermediate 
between Oelastraceae and Euphorbiacem ; their corolla is monopetalous. 

IIippocRATEACEiE, which have hypogynous petals and more or less 
epigynous stamens, are most nearly relat('d to Oelastracene (with which, 
indeed, they are coinbinedby Bontham and Hooker), connecting them with 
Malpighiaccse, Aceracese, and through Staphylea with Sapindacese &c. 
They are chiefly South-American trees or climbing shrubs, some with 
edible fruit. 

CHAiLLETiACE,ff3 is another small Order, usually placed in this neigh- 
bourhood, but with obscure aflinities. Chailletia toximria has a poisonous 
fruit, called llat’s-bane at Sierra Leone.) 


Order LII. llHAMNACEiE. The Buckthorn Order. 

Class. Frangulacejje, Endl. All. Tlhanmales, Llndl. Coh. Celastrales, 
Eenth. et Hook. 

409. Eiagnosis. — Shrubs or small trees with simple leaves ; small and 
regular flowers (sometimes apetalous) ; the 4-o perigynous stamens as 
many as the valvate sepals, and alteruab? with them (opposite to the petals 
when these are present) ; disk fleshy ; berry or pod with one seed in each 
cell, albuminous, without an aril. 

Illustrative Genera. 

Paliurus, Tovmef. Khamnus, Jms. Ceanothus, L. 

Zizyphus, Tonrnef. Ilovenia, Thunh. | Phylica, L. 

Affinities. — The llhamnacese are clearly distinguished from the Celas- 
tracero by the position of the stamens before the petals. The calycifloral 
condition of their stamens, the fleshy disk, and the separate petals indicate 
great dilferenco from the corollifloral Order Aquifoliace®, also formerly 
associated with them. Broiigniart thinks their nearest relations are to 
the hypogynous Byttneriace® and to Eiiphorbiace®. §ome of the^genera 
have free, others adherent ovaries. 

Distribution. — A rather large Order, the Species of which are generally 
diffused. 

Qualities and Uses. — Some acrid and purgative, some with bitter tonic 
properties, others with edible fruits. Ithamnm includes It. caiharhciiSf 
the Bucktnom, from the berries of which a purgative syrup is made, ako 
the colour termed Sap-green, The dyeing material called ^ench hemes 
consists of the unripe berries of JB. infectorms, saxatilisf and amygdadinus. 
Zizyphus has edible fruit, called Jujubes (Z. vulgarisy Z. &c.). 
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The charcoal made from the wood of i?. Frangula is used for f^npowder- 
making. Z, Lotus is supposed by some to be the Lotus of the ancients, 
although others think tms was Nitraria (§ 393). The peduncles of /fo- 
venia dtilcis enlarge into a succulent fruit, eaten in China ; other genera 
also furnish edible berries. The leaves of Ceanothus americanus are con- 
sumed as New- Jersey Tea, and those of Sageretia theezans are used for 
Tea by the pooler Chmese. 


Order LIII. ANACAEDIACEiE or TEREBINTH ACE.E. 
* The Sumach Order. 

• Class. Terebinthinae, Endl. All. Rutales, Lindl. Coh. Sapindales, 
Benih. et Hook. 

410. Diagnosis. — Trees or shrubs with a resinous or milky acrid juice; 
dotless alternate leaves, and small, often polygamous, regular flowers; 
calyx small, usually with 5, sometimes 3-4 or 7 lobes, persistent ; petals 
equal in number to the lobes g£ the calyx, or wanting ; stamens the same 
number or double or more, inserted on an annular fleshy disk, or coherent 
and perigynous. Ovary single, or l arely of 6 or 6 carp(‘ls, superior (rarely 
inferior), *l-celled ; style I, or 3 or 4, sometimes none ; stigmas twice as 
many ; ovules solitary, on a long funiculus. Fruit indehiscent, commonly 
drupaceous ; seed without albumen. 

Illustrative Genera. 

Pistacia, Z. Melanorrhea, JFall. Scmecarpus, Z. 

Schinus, L. Stagmaria, Jack. Spondias, L. 

Rhus, Z. Mangifera, Z. 

Affinities.— The prominent differential characters of this Order reside in 
the solitary ovule, with ventral raphe and inferior micropyle, or dorsal 
raphe if the micropyle be superior. This Order is related to the Xantho- 
xylaceae in many respects, but differs in the structure of the ovary and seed. 
From the Burseracem also it is divided by the same characters, although 
Spondias connects them as regards the fruit; while the same peculiarities 
relate it on the other hand to certain Connaracem, Rosacea), and Legu- 
minosse. 

Distribution — A large Order, the species of which are chiefly tropical, 
diminishing rapidly beyond the tropics. 

Qualities and Usts. — Tlie resinous juice of these plants is acrid, or 
violently irritating and poisonous ; it often becomes black in drying. Some 
kinds, however, yield edible, and even valuable fruits. Anacardium occi- 
denialcj the Cashew-nut, is remarka^ble for the curious fleshy enlargement 
of the peduncle supporting the nut f this peduncle is edible, as is tSso the 
seed when roasted : but the pericarp contains acrid volatile oil. A gum- 
resinous juice exudes from the wood, called Gomme d*Acajou, which is 
used when fresh as a varnish. Semecarjyus Anacardium Marking-nut, 
Melanorrhea usitatmimaj Stagmaria vernidflua. Bhus vernix, &c. are 
among the plants fumishingvarnishes used in the East Indies, China, and 
Japan for lacquered ware; their Juices are white at first, and become 
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black after exposure to the air. Mastic is obtained from Tktada aUantica 
and P. LentucuSy Scio«turpentine from P. Terehinthus ,* the fruit of Pistada 
vera is the Pistachio-nut, highly valued in Eastern cookery. Mangifera * 
indictty with numerous varieties, yields the well-known tropical drupe 
called the Mango. The Sumachs, species of Wvusy are a^rid ana poisonous, 
affecting some constitutions more than others, and sometimes producing 
violent erysipelas when applied to the skin. JR. Toxicodendron is the 
Poison-Oak of North America j P. venenata, the Poison-Elder or Poison- 
Humach. R. tgphina, glabra, and Coriaria have acid fruit and astringent 
bark, used in tanning; R, Cotinus, which is sometimes grown in our 
shrubberies under the name of the Wig- plant, from the hair-like natire 
of the sterile flower-stalks, yields the dye-wood called Young Fustic; 
R. Metophini, the Hog-gum of Jamaica, a powerful purgative and emetic. 
Spondiati purpurea and 8, Momhin yield succulent fruits eaten in Brazil 
and the W. Indies under the name of Hog-plums ; 8. Cytherea or dulcis 
affords a delicious fruit in the Society Islands. 

(Sabtaceje are a small Order of East- Indian plants, removed by recent 
authors from Anaciirdiaccie, where they were formerly placed as anomalous 
forms.) 

(CoNNABACEJE form ail Order of tropical trees and shrubs, usually 
placed near Anai ardiaceoe, hut destitute of resinous juice, and with ortho- 
tropous ovules ; the fruits are apocarpous tmd follicular. They are also 
allied to the Xauthoxylacete. Ine seeds sometimes have an aril; those 
of some species of Omphalohitim are edible. The Zebra- wood, used in 
cabinet-making, is stated by Schomburgk to be the produce of a Guiana 
species of this genus, O, Lamherti, of great size.) 


Order LIV. BUIISEIIACEJ3. Tjie Balsam Order. 

Class. Terehinthinm, JEndL AIL Rutales, Lindt. Coh. Geraniales, 
Bmth. et Hook, 

411. Diagnosis . — Trees or shrubs abounding in balsam or resin, with 
alternate or opposite compound leaves, sometimes stipulate and dotted ; 
dowers perfect, or sometimes diclinous by abortion; calyx persistent, 
with 2-0 divisions; petals and stamens perigynoiis, outside a perigynoiis 
disk; ovary 1-5-celled, superior, sessile in or upon the disk; ovules in 
pairs ; micropyle superior ; raphe ventral ; fruit dry, l--5-celled, often 
splitting into valves ; seeds exalbuminous ; cotyledons.plicatc, rarely flat. 

iLLUSTUAXrige G^era. 

Boswellia, Roxh. Tcica, Auhl. Canarium, L. 

Balsamodendron, Kimth. Bursera, Jacq. iVmyris, L. 

Affinities — The Amyridaceae, excepting the genua Amyi'is itself, have 
a many-celled fruit, wliich foms a link between Anacardiacea3 and Auran- 
tiacea3 ; but the shell of the fruit is hard here, and opens by valves. 
Amgris has dotted leaves. The ovules in pairs serrate them from Ana- 


i*r 
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cardiaceae. The want of scales to the stamens separates them from Sima- 
rubesB. From Ratals they differ in their exalhuniiaous embryo. From 
* Aurantiads they differ in the fruit. 

Distribution. — The Order Consists of about 150 species, distributed 
throughout the tropics of Asia, Xfrica, and America. 

Qualities and TTsos. — ^Fragrant resinous juices are the chief character- 
istics of this Order. Bosicellia florihinda and glabra yield the East- 
Indian Olibanum or Frankincense; B, ^apyrifei^a (Abyssinia) yields a 
similar Olibanum, and has a remarkable inner bark, capable of separation 
into sheets, which are used as pa^r. Bakamodmdron Myrrha yields 
Oittn Myrrh ; Balm of Mecca is produced by Bak. Opohalsamiirn and Bals, 
qileademe, Bals. Mukid yields Googal, or lidellium ; B.puhescem another 
balsam, almost soluble in water. Amyris hemndra and A, Phtmieri yield 
Elemi ; the wood of A. haUamifera is known as Lignum Rhodium ; the 
balsam of A. toxifera is poisonous. Idea ideanba yields Brazilian Elemi, 
/. Carana American Bairn of Gilead ; and other spc.des aftbrd similar pro- 
ducts. JElaphdmn tomentosum supplies one of the kinds of Tacamahaca, 
B. elemiferuni Mexican Elemi ; and Camrium commune furnishes East- 
Indian or Manilla Elemi. Bursera paniculata (]\Iauritiii8) is called Bois 
de Colophane, giving out freely when wounded an oily juice smelling like 
turpentine; B. gnmmifera yields Chiboii jesin, B. acuminata Resin of 
Carana ; Hedwigia halsamiferuj BeaiuiiC a cochon, used as a substitute for 
Conaiba. The wood of Idea althsima is used for canoe in British Guiana, 
under the name of Cedar-wood. 


y Order LV. LEGUMINOS^. The Fue^e Order, 

Class, Leguminosa), B7idl, All. Rosales, Lindl. Coh. Rosales, 
Benth, et Hook, 

412. Diagnosis, — ^Rerbs, shrubs, or trees, with irregular, often 
papilionaceous or regular flowers ; stamens 10 or *'arely 5, or some- 
times indefinite, diadelphous, monadelphous, or distinct ; pistil sim- 
ple, free, becoming a legume or lomcntum ; seeds exalbuminous ; 
leaves mostly alternate, stipulate, usually compound. 

Character. 

Calyx more or less deeply 5-fid, the odd lobe in front or next the 
bract ; lobes often unequal and variously combined. 

Corolla ; petals 5, or 4-0 'by suppression, inserted in the botfom of 
the calyx, papilionaceous Ibl) or regula/^ the odd petal, when 
present, posterior (fig. 356). 

Stamens definite or indefinite, inserted on the calyx, rarely hypogy- 
nous, distinct or coherent in one or two bundles (9-|-l, 357), 

or rarely in three ; anthers opening by chinks or by pqres. 

Ovary usually solitary, simple, of one carpel (very rarely 2 or 6), 
l-celled, 2-, or many-see^ ; MyU and stigma simple (fig. 358). 
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Fruit : a legume, lomentum, or rarely a drupe ; ^^eeds attached to 
the upper (ventral) suture, 1 or many^ sometimes with an arijlus ; 
embryo without, rarely with albumen, straight, or with the radicle 
folded on the cotyledons. ’ 


Fig. .‘lor. 



-Fig. Gruund-plnn of a Papilionaceous llo\^or. 

I>iti<lc!}>hous SiumiMiB of Lcguiuinosae. 
Fi”. pistil Colufea. 


.A t 'bn' is divided into three Suborders, which arc distin- 

•lushed by o fouowiug characters : — 

1. Papjl ace. ^^)rolla papilionaceous, imbricated in the bud, 

witV odd petal exterior. 

2. Ca:sa’ C orolla imbricated in aestivation, the odd petal 

inside ihe lateral ones. 

3. Mimose;e. Corolla \alvate in aestivation. 

This vast Ord(U’ is further subdivided into several tribes, the 
subdivisions being founded on the degree of cohesion of the stamens, 
the nature the pod and cotyledons, the leaves, habit, &c. 

Illusthatiatv Gi»?era. 

1. PAPtL10NACE;E, 

Chorozema, Ldbill, Indigofera, L. Ornithopus, L. 

laipiniis, L, Glycyrrhiza, L, Onobrychis, Tournef. 

Ulex, L. Astragalus, i. # Phaseolua, L. 

Genista, L, Pisuni, L, Dalbergia, X. 

Lotus, X. Vicia, X. ^ Sophom, X. 

Trifolium, X. Arachis, X. 

2. C-*:sALriNiE.®. 

Ilfematoxylon, X, Swartzla, WiiM, Tamarindus, X. 

Caesalpinta, X. Amhetstia, WaU, . Copaifera, X, 

Cassia, X. Jonesia,* Moxb, Ceratonia, X. 

Cathartocarpus, Pers. Sohot% J!aef. , ' 
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' 3. Mihose^b. 

r Entada, L, I Prosopis, X. I Acacia, WiUd. 

Adenanthera, L, | Mimosa, X. ^ | Inga, WiUd, 

Afflnitles, &c.-~This immense Order presents very considerable variety 
of structure within its wide limits ; and but one character is absolutely 
constant, the position of the sepals ; the irregularity of the corolla dis- 
appears altogether in the Mimosere^ and the legume is exchanged for a 
drupe in Betarium and Blptelryx\ this causes a near approach to the 
Bosacese ; but it may bb noticed that when the flower is regular the fruit 
is leguminous, and vice versa ; and .the anterior position of the odd sepal of 
the calyx is an unexceptional character of this Order. The Ccesalpiniece 
have the papilionaceous exchanged for a spreading irregular fonn, or the 
petals are suppressed. In Mimosece the stamens are hypogynous. The 
last fact brings the Order closely into relation with the Aiiacardiacem, 
from which it is not easy to distinguish some of the apetalous Cccsalpiniecc 
at first sight. , 

The single carpel in the ovary of this Order is almost a univei*sal cha- 
racter ; two carpels, however, appear to be normally present in Diphnca 
and Ccesalpinia dupjna ; a double ovary sometimes occurs as a monstrosity 
in Wistaria sinensis j in Gleditschiuj and in nie French bean {Phaseolus ) ; 
and a Mimosa with o carpels (thus a symmetrical flower) is said to have 
been seen bv St.-Hijaire. The sample legume presents a great variety of 
conditions, both of form, consistence, and dehiscence. Its normal form is 
such as we see in the^arden Pea (fig. 359) ; in Colutea (the Bladder-Senna) 
it is inflated and membranous ; in Astraf/alus the dorsal suture turns in 
and forms a false septum (fig. 302); in Phaca it is spongy or fleshy ; in 
many cases it is woody ; it may be straight, or curved, or even spimlly 
' curled (Medicago, fig. 361) ; in the lomentaceous form it is constricted at 
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it is cylindrical ; in JDetarium and Dipteryx the 1-seeded ovary developes 
a bony endocarp and fleshy epicarp, and becomes a drupe, like 303 

the Almond. The dehiscence is equally varied : noimally 
both sutures open and the valves separate ; in Ilcematoxylon 
the valves adhere at the sutures and split in the middle. In 
Carmichaelia the valves separate from the suture 5 in Orwf- 
thopus &c. the lomentum Ibreaks up, and the pieces eitWr 
open or remain indehiscent ; in Entada the lomentaceous pod 
is opened by th e valves separating in pieces. In Cathiu'tocarpitSy 
AracJm^ TamarinduSj and other cases no dehiscence occurs at 
all ; and in CathaHocarpus and Tamarindus a pulp is formed 
inside the legume. 

The irritability of the leaves of many Leguminous plants 
is a striking characteristic: it is most remarkable in the 
IledymrerPy as in Smithia, Eesmoduinif &c., and in Mimosa ; 
but it exists in a lower degree very commonly, even in the 
Locust-tree {Itohmia Pseudo-amcia). The Acacias are 
ticeable for the pliyllodial petioles, which often wholly re-- o? flower of 
place the leaves (fig, flCvl). Aea(na. 

Distribution. — 'Ihe Order comprises nearly 7000 species. The Papilio- 
nacece are universally dislributtd, but are most abundant in warm climates j 
some genera are widely difliised, others almost confined to particular parts 
of the globe, as Australia, North or South America, Cape of Good Hope, 
&$. The Ccemlpiniem and Mimosecc are chiefly tropical j but the latter 
abound beyond this limit in Australia. 

Qualities and Uses. — This Order contains a vast number of jdants; and 
among them there is an exceeding diversity of properties. Those with 
mild juices are frequently exceedingly nutritious; when the juices are 
more concentrated, they become either purgative or astringent, and sonfe 
of them poisonous ; the poisonous properties occur in all parts, but chiefly 
in the seeds and bark. In other respects, they furnish most valuable 
timber, fibres, gums, dves, &c. In enumerating some of the most im- 
portant plants, it will fee best to take them under the heads of the Sub- 
orders. 

1. Papilicmacecp. — A large proportion of the common fodder-plants, such 
as Clover (^Trifoliuvi)^ Lucern and Medic (Mcdicago), MelilotnSy Sain- 
foin (Onobrych{s)j &c., belong to this Suborder j and various other similar 
plajits are in use in foreign countries, such as species of AdrayahtSf Cro^ 
talaria Juncedf Desmodium diffmum^ Indigofera enneaphylUiy &c. The 
seeds of many species are eaten, constituting the various kinds of pulse ; 
such as Bro ad Hean s {Faha^, Haricots iiid Scarlet Beans {Phaseolm)j 
t)olichos)j Lentils {Ervtnn^ (^ick-] 3 eas {Cker), 

Pige on-pea s (Cajaniis\ Lupines, &c. The roots of some” of these are 
said tobe poisonoui^ as those of PhaseoluP^ but, as is well known, the 
pericarps or pods are eaten boiled in the young state. Saccharine matter 
exists in the roots of Li quorice ( Ghtcyrrhiza gkihra^ with ^ echinata and 
glandidtfera) ; a kind of Manna is obtained from the Camel-thorn (Albagi 
Matirorum ) ; Astragahie ghjcyphyUm has a sweet juice. The tuberous 
roots of Dolichos tuberosus and hdboms^ Aptos, Pueraria, and IMhyrm 
tuberosm are eaten in the same way as po^toes. 

Among the purgative species are Blad^-Senna ( ColuUa arborescent)^ 
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the leaflets of which are often used to adulterate true Senna, and CoroniUa 
Emerua and C. vana : the last is reputed to he poisonous ; various species 
of Genista, Ci/tims, Rohinia, &c. are diuretic and cathartic. 

The well-known astringent substance Kino is obtained in Africa from 
Rterocarpas erinaceus, in the East Indies from^P. Marsupiunij Gum Drajjon 
from P. Ih'acOf and ^ed. SjandaL-3vgod from P. santalinus. • A somewhat 
similar substance to Kino is obtainSl in the East Indies from the Dahk 
trees (Butea frondosa and superba), Erythrina mmosperma yields Gum 
Lac. A few plants of this Suborder yield pfums, such as Tragacanth, from 
Astragalus verm, creticus, cristatm, gummifer, and strobiliferus. 

Dyes are obtained from many, as Indigo from Indigofera tinctoria, 
earulea, argentea, and probably others, and from Tephrosia Apollinea and 
other species ; Ba^disia tinctoria gives an inferior kind. The flowers of the 
Rut€€B give a brilliant orange-yellow colour ; Sopkora japonica furnishes 
yellow from the pulp of its pods ; Dyer’s broom ( Genista tinctoria) gives 
a good yellow colour, and forms a gi’een with Isatis. 

Ornamental and useful timber is afforded by some, as Rose -wood (Palis-- 
sandre of the^French) from various Bnizilian species of Triptciomea,ltek2L- 
wood of Guiana (Machoirium Schomburgki), Laburnum-wood (O/tisus 
Laburnum), Ijocust (Robinia Pseudo-acacia ) ; Ealbergia Sissoo and other 
species, and Pterocarpus daibcrgioides, are highly valued in the East Indies. 
Others furnish fibrous substances, such as Crotalaria juncea, yielding Bengal 

'^Exptei'yx odorata (Tonka-bean) and J). oleifera (Eboe-nut) are used In 
perfumery. The hairs from the pods of Cowliage (Mucuna prvriens) were 
formerly used as air anthelmintic. The seeds of Adragalm bediem are 
used as a sub'^titute for and adulteriition of coffee in Germany. 

The distinctly poisonous plants of this Suborder are numerous. The 
roots of the Scarlet-runner bean (Phaseolus multijiorus) and other species 
are narcotic poisons; also the seeds of Laburnum (Cytisus Laburnum, 
olpjMiips, &c.), those of Lathyrus Aphaca, and, it is said (but denied by 
othti^s), those of Ahrus frrecatorius (the scarlet seeds with a black patch, 
often used as beads), Anagyris fcotida, Ervum Ervilia, See. Indigo is a 
violent poison ; the shoots of various kinds of Tephrosia, especially T. tori- 
fera, are used to poison fish, as is the bark of Piscidia Erythrina, a powerful 
narcotic. Species of Geoffroi/a, as G. vermifiiga and spimdosa, and Andira 
inermis and retusa, having drastic purgative and emetic barks, are acrid- 
narcotic poisons in large doses. Gompholobium, an Australian genus, is 
said to poison sheep. Physostigma venenosum furnishes the poisonous 
Calabar oean used as an ordeal by the natives, and in medicine for its 
use in contracting the pupil qf the eye. It acts as a powerful nervous 
sedative. 

2 ! CeesalpinietB. — This Suborder does not appear to have any decidedly 
poisonous properties ; but a phrgative q[uality is very Cf)]^QjQ., ^ in _Senna, 
Cassia o bovata, $mna, acidijolia, and lanceolata ; CJ^iaruandica anci other 
Nortt- A merican: species have similar properties. Castda or Cathartocarpm 
Fistula has a pif^tive fruit ; and the pulp of the Tamarind ( Tamarindik 
indiea) shares this quality. Besides the Tamarind, other fruits, less acid, 
are eaten, as the Taipannd Plum (Dialium indkum) and the Tamarinds 
of Sierra Leone, which are species of Codariym. Carobs or Algarobas, the 
legumes, of Cerattmia Siliqm (al§o called St. John’s, or the Locust-tree), are 
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used for feeding* horses in Spain, and have recently been imported for 
feeding- stock in this dountry. Gleditschia triacanthos bears a similar fruit, 
called in North America the Honey-locust,* the fruit of the West-Indian ‘ 
Locust, Hymencca Caurhnrilj is somewhat similar, hut is said to purge 
when fresh gathered ; a kind of beer is made from it by decoction and fer- 
mentation. —Many CmaljmiecB have bitter and astringent properties, and 
are sometimes used in medicine, several of them in tanning and dye- 
ing, as Divi divi,the pods of Ccesalpinia Coriari^, one of the most powerful 
of known astringents ; the bark of some species of BauMnia and Cassia 
are used in similar ways. — The dye-woods are important, namely Log- 
'woo^iHopmatoxylm campechianttm) ^ Brazil-wood or Pernambuco-wood 
evhinaia^ hrasiliensis, and other species). Cam-wood or Bor- 
wood {Baphia vdtkla)^ &c. The West-Indian Locust-tree (Hymentjea 
Co?/r5«n7), the Purple-heart of Guiana and hracteata)f 

Melanoxylon Brauena, Eperm falcata, &c. yield very hard and durable 
timber. The size of some of the Caesalpineous trees of the South- Ame- 
rican forests is said to he enormous, as much as 84 feet in circumference 
at the base, wh(‘re large projecting buttresses occur, and GO feet at the 
commencement of the clear run of the trunk. 

The hark of Banhinia racemom and parvijiora is used for cordage in the 
East Indies. Gum is yielded by several, as BauMnia retma and emar- 
yinata in the East Indies, and Pithecolobium gmmniferum in Brazil. Anime 
r^sin is obtained fiom Jlymencea Courbaril; Mexican Copal probably from 
an allied plant ; Brazilian Copal from various species of this genus, and 
from Trachyhbium Martianum ; Madagascar Copal, and perhaps that of 
the East Indies in general, from Eymvncea vert'ucosa. Batsam of Copaiba 
is derived from various West-Indian and Brazilian species of Copaifera ; 
Balsam of P(‘ru from Mjyroxjilmi Pvreirce ; Balsam of Tolu from M, tolui- 
feruin. Alo'exylum Agallochum yioHs one kind of Eagle- or Aloes-wood, < 
the other coming from an Aqidlaria, 

3. Mimoseaj. — Mucilaginous juices concreting into gum and astrii^nt 
properties of the bark are the most striking qualities of this Suborder, 
Gum A cacia and its varieties are yielded by several species of Acacia ; — 
A. Tc/vX aiid Adamonii (Gum Senegal) in West Africa, A. uilotica and 
Seyal (Gum Arabic) in Nubia, A. arabica^ spinosa^ and (Vachiilia) Far- 
nesianam the East Indies,^, docurrens^mollissirnam^ ajffinis in Australia. 
The bark of most species oi Acacia is very astringent, and many kinds are 
used for tanning in India; the pods of A. mlotica are used for the same 
purpose ; and the astringent substance Called Catechu is obtained by 
extraction with water from the heart- wood of Acacia Catechu, Various 
species of Inga, Pi'osopis^ &c. are very astringent. Some East-Indian 
Acacias yield valuable timber ; the legumes of A, cmiainna and the large 
seeds of Entnda Purstrtha contain a saponi^dng substance. Some kinds 
of Mimosa and Prosojns are said to have poisonous properties. Acacia 
variansy of Australia, has been called the Poison-tree. It is hardly neces- 
sary to add that a great number of plants from all these Suborders ai*e 
cultivated for the sake of their beautiliil flowers, 

(Mojiingacejk form a very anomalous group of 3 or 4 species only, 
marked by the following characters t—Trees with 2-3-piimRte leaves and 
thin deciduous stipules ; flowers irregulfj, 5-merou8 j sepals and petals 
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petaloid; stamens 8-10 on a disk in the tube of the calyx, the outer 
circle sometimes sterile ; anthers 1-celled ; ovary superior, stalked, 1 -celled 
* with 3 parietal many-ovuled placentas j fruit a lonjr 3-valved pod with 
the seeds in the middle of the valves; seeds without albumen. The 
species are natives of Arabia and the East Indies, and have generally been 
referred to the vicinity of the Leguminosae, principally on account of their 
perigynous irregular flowers, pinnate leaves, and pod-like fruits. The 
structure of theovary removes them widely from T-.eguminosae, on account 
of the parietal placentation, since, judging from Kosaceso, the occurrence 
of additional carpels in Leguminosae would be accompanied by an apo- 
carpous condition, or at least axile placentiis. Diphaca and Ccesalpinia 
digyna (Leguminosjc) are in fact described as having 2 legumes ; but the 
monstrous forms of Gleditschia referred to by l)e Candolle are said to have 
*2 coalescent carpels. Hence Lindley places this Order in the neighbour- 
hood of Violaceje, and conceives that it approaches Polygalacem. Others 
place it between Capparids and Resedaceae, to the former of which Orders 
it is certainly closely allied. The root of Moringa pterygonperma is pungent 
and aromatic, resembling Horse-radish. A gum like Tragacanth exudes 
from the bark. The seeds are the Ben-nuts ; and the oil of Ben was formerly 
highly esteemed for perfumery, and for lubricating watch work, on account 
of its comparative freedom from easily-solidifying fatty ingredients.) 


Order LVI. KOSACEiE. The Hose Order. 

Ckwa Rosiflone, Btidl, All, Rosales, Lindl. Coh. Rosales, Benth, et 

Hook, 

413. Diagnosis, — Herbs, shrubs, or trees with regular flowers ; nu- 
merous (rarely few) distinct stamens inserted on the cal 3 ^x ; carpels 
1 or many, either quite distinct or coherent, and enclosed in the tube 
of the receptacle ; seeds (anatropous) I or few in each ovary, exal- 
buminous ; embryo straight, with J^rge and thick cotyledons ; leaves 
alternate, stipulate. 

Character, 

Calyx monosepalous, with 4-5 lobes, the odd lobe posterior, i, e, next 
the axis, when 5 ; sometimes wdth an epimlyx. 

Corolla : petals 5, distinct, inserted on the calyx, rarely absent. 
Stamens definite or indefinite, inserted with the petals. 

Ovaries apocarpoUs, l-2j or 6 or numerous, 1 -celled, sometimes com- 
bined together in the e::cavated receptach^ (fig. 364) or tube of 
the calyx ; ovules 1 or few ; styles lateral (fig. 367) or terminal. 
Fruit : a drupe, an achene, or a dry or succulent etmrio(figs. 365, 366), 
or a cynarrBbdon or a pome (fig. 368) ; seeds 1 or more, exalbu- 
minous ; embryo straight. 

This Order is commonly broken up into several smaller Orders, 
which we shall characterize here as Suborders. 
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1. CHRTSOBALANEJ5. Trees or shrubs with free stipules; carpel 
1, adherent more or* less to one side of the calyx; ovules 2; style 
basilar ; fruit a drupe ; seed erect. 

2. Drupaceje or PRUNEi®. Trees or shrubs with free stipules ; 
carpel 1 , free ; style terminal ; fruit a drupe, not enclosed in the 
tube of the flower, which is deciduous ; seeds suspended. 

3. PoMEiE. Trees or shrubs with free stipules ; carpels 1-5, more 
or less united together and with the sides of the flower-tube ; styles 
terminal ; fruit a pome, 1-5-celled or spuriously 10-celled, with a 
crustaceous core or bony stones (fig. 365) : seeds ascending. 

4. PosEiE. Shrubs or herbs with adnate stipules ; carpels free 
from the calyx, 1 or many, 1 -celled, sometimes cohering ; styles 
lateral ; fruit usually ctacrios formed of an assemblage of dry achenes, 
small drupes, or dehiscent scvcral-secdcd follicles ; seed suspended, 
rarely ascending. 

5. Sanguisorbk.®. Herbs or undershrubs, apetalous, often dicli- 
nous; •carpel 1; style from the summit or base; fruit an achene, 
surrounded by the persistent tube of the calyx ; seed 1, suspended 
or ascending. 


Fig. 365. 



I. Chrysobalane.®. 
Chrysobalanus, X. 


Illustrativk Genera. 

II. Amygdale^, or Drupacejs. 
Prunus, X. 
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III, POMR-Sl. 

Pyrus, Lindl, 

Crataegus, X. 

IV. Rose^. 

1 . ROSiDJE. Floicer-tube Jleshyy 
enclosing the achenes. 

Rosa, Toumef, 

2. POTKNTiLLiD^. Fhwer-'tube 
herbaceous ; fruit an eteerio, 

Riibus, X. 

Fragaria, X. 

Potentilla, X. 


3. SPiUJBiDiE. Flower-tuhe herba- 
ceous: fruit armg of foUicles ; seeds 
not winged. 

Spiraea, X, 

4. QUiLLAiiE. Flower Mibeherba- 
ceous : fruit capsular ; seed winged, 

Quillaia, Mol, . 

5. NRURADEiE. Cahjx adhering 
to a ring of \0 carpels: seed pen- 
dulous, 

Neurada, X. 

V. Sanguisorbe,®. 

Alclieniilla, Toumef, 

Poterium, X. 


' Affinities. — Closely allied to Legiimiiiosae ; and, indeed, the only constant 
point of difference consists in the position of the odd sepal — posterior in 
Kosaceae, anterior in Leguminosje. The Chrysohalanece may no regarded 
as forming a link between the Leguminosm and the Drupacerej to«ching 
that Order especially in its drupaceous genera and those witli a laterally 
adherent calyx. The Drupacece have some aflinity also to Anacardiacem ; 
Pornece again connect the Order wdth the epigyuous families, especially 
Myrtacem, through Puniea. Rosece resemble Pomeec in many rtjspects, but 
their affinities go out in other directions ; Calycanthacoie should, perhaps, 
scarcely be separated from them. The Spirceidce very much rcsemole some 
Saxifragacem (distinguishable by their albuminous seeds) ,* and the Potm- 
tiUideexQmmU us of the Ranunculacete in the fruit and the adnate stipules, 
which sometimes closely approach the dilated base of the petiole of Ra- 
nunculus &c. j but Rannnculaceje have albumen and usually hypogynous 
stamens, though,, the difference in some genera bet\ve(in hypogynous and 
• perigynous position of the stamens is almost imufu’ccptible. Sanguisorbea* 
are merely a degraded form of Rosew, where the petals and one or other 
set of essential organs arc abortive in each flower. 

Distribution. — There are about a thousand species. The Chrysohalanece 
are chiefly found in tropical America and Africa, more rartdy in Asia ; tlic 
Drupacece are mostly natives of the temperate parts of the Northern 
Hemisphere, but are widely spread in cultivation : Xha Pornece also belong 
to the Northern Hemisphere ; most of the Roscce and Sanyuisorbece belong 
to temperate and cold climates, but a few are tropical. 

QualiticB and Uses. — The succulent fruits of many of the plants foiTn the 
most striking feature of this Order. Various part.s of the structure, but 
especially tlie seeds, yield mudh hydrocyanic acid in the Suborders Dm- 
pacece and Pornece. * The bark and root of almost all are bitter and astrin- 
gent, owing to the presence of tannin. Drupacece commonly contain a gum 
(resembling Gum Arabic) in the sap. This gum is tlie result of a patholo- 
gical change in the tissues. 

Most of the Wirysohalanece have stone-fruits ; that of C. Icaco (W est 
Indies) is eaten under the name of Cocoa-plum. 

Among the Drupacece we have the fruits : — Almond {Amygdalus com- 
tmnk)) the Peach andJNfectarine {A, persica)) the Plum in all its varieties, 
such as Greengages; Bullaces, Damsons, 4&c. (Prmm domestkaj spinosa, 
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and varieties) ; the Apricot (Prunus armeniaca) ; the Cherry ( Cerasus avium, 
&c. ). Cerasus Lauro-cerasus is the common Laurel, * ’ or Cherry-laurel of 
our shrubberies, C. lusitanica the Portugal Laurel. Many of these plants • 
contain a considerable quantity of amygdaline, causing the formation of 
prussic acid when they are bruised, 'this gives to the seeds of the Bitter 
variety of Almond, and to all other seeds in this Suborder, a poisonous 
property, which exists also to a great extent in the leaves and shoots of , 
the Cherry-laurel, the flowers of the Almond, Peach, &c. The seeds also 
cout^iin a flxed oil, which may be obtained by expression ; and that of the 
Sweet variety of the Almond is devoid of amggdcdine, and thus harmless. 
Pomece have succulent fruits, such as the Apple, Pear {Pyrus Malm and 
communis}, Quince ( Cydonia vulgaris), Medlar {Mespilus germanied), &c., 
which have be^n brought into the edible condition by cultivation ; when 
wild, they are mostly austere, like those of the Hawthorn {Cratcegm), of 
the Mountain Ash {Pyrus Aucuparid), &c. The seeds contain amygdaline, 
and therefore yield prussic acid ; as do also the flowers, bark, and root of the .. 
Mountain Ash. Quince-seed« are valuable for the mucilage they contain. 

The ItosecB yield edible fruits, such as the Kaspberry and Blackberry 
{Ruhus idcBus fruticosus) and the Strawberry {Fragm'in elatior, vesca, 
tScc.). The petals of Koses yield the essential oil called Otto or Attar of 
Roses. Kousso (Prayera anthelmintica) is used as a vermifuge. Most of 
the liosecB have astringent bark and roots ; some are unwholesome. San- 
gulsorbcfe have astringent properties similar to Posece. Quillnue contain 
in their bark a saponaceous principle, which renders them useful for clean- 
ing silk fabrics. 

(Calycanthaceje fonn a small Order, consisting of shrubs with oppo- 
site entire leaves, without stipules ; sepals and petals similar and indefinite ; 
anthers adnate and extrorse; cotyledons convolute ; otherwise like Rosacese. 
The species are natives of North America and Japan, and are chiefly re- 
markable for the peculiarity of their fiord envelopes, the coloured bracts 
of the peduncle passing insensibly or undistinguishably into the calyx, and 
this into the corolla ; the segments of both are inserted on a fleshy tube 
supporting the stamens and surrounding the carpels ; convoluted cotyle- 
dons are only found in one Rov«aceous plant, Chamcpmeles {Pomi^e), but are 
characteristic of Combretaceu'. Calycanths stand between the Rosaceae 
and the Myrtacese, and have, perhaps, a distant resemblance to Magnoliacese, 
like that of Rosaceae to Ranunculacem. Baillon places them w’ ith Moni- 
miads. Their wood is curious, the stem having four false woody axes 
aix)und the real axis, giving the stem a quadrangular character. The chief 
property is fragrance of the blossom. Chimbnanthm produces yellow 
flowers upon the leafless branches during thg winter. Caiycantkus jloridm 
has an aromatic bark.) 


Order LVII. MYRTACEiE. The Myrtle Order. 

Class, Myrtiflorm, Endl AU, Myrtales, Lindl, Coh, Myrfcales, Benih, 

et Hook, 

414. Diagnosis , — ^Troes or shrpbs with leaves opposite or alternate, 
entire, usually dotted, and with a submarginal vein ; flowers usually 
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axillary, polypetalous or apetalous ; calyx adherent, 4-5-cleft, val- 
vate or imbricate, sometimes falling off like a cap ; petals 4-5, im- 
bricated ; stamens 8-10 or numerous, rarely 4-5, distinct or poly- 
adelphous ; ovary 2-, 4-, 5-, or 6-celled ; style and stigma simple ; 
placentas axile ; seeds usually indefinite, exalbuminous ; fruit dry 
or succulent, dehiscent or indehiscent. 


Illustrative Genera. 


Tribe 1. LEPTOSPERMEifi.* Fruit 
capsular, 

Melaleuca, L. 

Eucalyptus, ID.rit 
Metrosideros, R, Br. 
Bseckia, L. 


Tribe 2. Myrte^b. Fruit bac- 
cate. 

Piinica, L. 

Psidium, L. 

Myrtus, Tournef. 

Eugenia, Michel, 


Affinities. — This Order is nearly related to the Rosacese on the one 
hand, and to the Melastomaceae, Lythracete, and Onagracete on the otlier. 
The Lecythidacene, the Chanuelauciaceie, and some other smaller Orders 
mentioned below are often combined witli tlie Myrtaceie ; but as the 
plants belonging to them are less interesting, or less frequently seen, it is 
convenient here to exclude them, in order to retain a very detinite character 
for the Myrtaceie proper. This Order is generally known among epigy- 
nous forms by the vein running round within the margin of the simple, 
entire, and mostly opposite leaves, uniting with the midrib at the end, 
together with the ti’ansparent glandular dots and the absence of stipules 
and of appendages to tlie anthers. The fruit of Punica is very curious, 
and presents unusual conditions — a double circle of carpels, which by the 
mode of growth of the excavated receptacle come to be placed one above 
another, so as to present two tiers of loculi in the fruit. The real nature of 
the structure may be conceived by comparing it with tlie Rose, and by 
supposing the nchenes of the latter to become enlarged loculi containing 
pulp. Benthara and Hooker put this genus into Ly thracere ; but its affinities 
seem rather with Myrtles, of which it forms an anomalous genus. 

Distribution. — A large Order, the members of which are distributed 
throughout tropical and subtropical climates. 

Qualities and Uses. — Generally aromatic from the presence of a volatile 
oil, some astringent, and others yielding gums or saccharine juices. The 
Myrtecs> are remarkable for their aromatic properties : thus Caryophyllus 
aroniaticus furnishes the Cloves used for spice, consisting of the dried 
unopened flower-buds ; Eu(jci\ia Pimmta and E. acris Allspice or Pimento, 
consisting of the dried fruits : the buds and berries of the common Myrtle 
wdrq used in a similar man^^j^ by the ancients. This tribe also affords 
excellent fruits : the Guavac,'are yielded by species of Psidiutrif chiefly 
pomd/p'um and pyri/efum} the Rose-apples hyEuyenia rnalaccenmj JamboSy 
&c, ; the PomegAnate, Punica Granatumy the rind of which is also 
valuable for its astringent properties, which cause it to bo used both 
medicinally and for tanning. Among the LeptospermecBy the Cajeput, 
Melaleuca Cajeputif is well known for its acrid volatile oil, obtained by 
distillation from the leaves. Metrosideros is a genus some of the species 
of which form very striking fejitures in^^the vegetation of New Zealand, 
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M. hiLvifolia and other species, called Aki, Rata, &c., overgrowing trees, 
like the Ficus indica^oxid themselves ultiAiately becoming exceedingly 
hard-wood(Hl trees. The Euedyptiai Australia are atill more remarkable • 
in many r(^spects : some of them attain a height of 200 feet or more, and 
a diameter of 10 to lo, rising to 100 or 150 feet clear of branches. The 
bark of some of them separates in fibrous layers, whence they have derived 
the common name of Stringy-barks. They are also called Gum-trees, 
from containing a gummy or saccdiarine sap, occa'sionally of astringent 
character. F, ruhusta secretes a red gum in ilie interior of the trunk; 
from E. vuuinifcra a saccharine substance like manna is obtained. E, Gunmi 
yields, wlien tapped, a sweet fluid, which is fermented into a kind of heer. 

E. resinifeva furnislu^s an astring(iut substance known as Botany-Bay 
Kino. Other species also contain a sufficient quantity of tannin to he of 
commercial importance. The loaves of some species oi' Leptofipermum and 
Mdalcuca are used for Tea in the Australian colonies. 

iMany t)f tlui Myrtfieea^ are cultivated on account of their beauty. The 
common Myrtle, a native of iVrsia, naturalized in Soiith^'rn Europe, bears 
our winters, and tlowers out of doors in the south-west of England. It 
atibrds many beautiful varieties in cultivation. The species of Metrosideros^ 
C(diist(‘iiiotij ifcc., sometimes called Bottle-brush plants, have very curious 
and showy blossoms. The. Pom<‘granato flowers and fruits in sheltered 
places, anil hears a very hrilliaut blossom. 

(Lkcytiiidack.I': are cliiofly distinguisliod from the ^lyrtacem (with 
which they ai'(‘ united by Beiithaui) by tlu^ dolless foliage and the hood- 
lik(' ptdah)id plat<', consisting of concrtdt' stamens, covering the middle 
of the dower. The species art' usually largo tret's; their fruit is very re- 
inavkable, consisting of a lavg(? woody ease, the top of which sometimes 
si'pjiratt's like a lid (/xJrj/M/s), whence th^ liave K^oii called Monkey- 
pi)ls. -They arc cliielly found in Guiana and Jlrazil. The Brazil-nuts of • 
commerce are. tlie seeds of B( rthoUrtia excelstiy and are fornu'd inside a 
large round woody seed-vess(*l. C'ouroupita </ui(ijtcusis, the Cannon-ball 
tree, 3 ields a fruit contniiiiug a l^ulp agreeablt? when fresh : tli^e shells, 
lik'(' tlie ^‘pots” of Lcci/t/u.% are used for domestic purposes. The 
bark of Lcci/this OUaria and (♦(her sp<*cies is w'parahle into line papery 
la.\ (!rs, used for wrapping cigars. L. OUaria is one of the giants of the 
ihaziliaii forests j its seeds are calhnl Sapucaya-iiuts.) 

(Baiiuingtoniaceje are a small Order of tropical trees and shrubs, 
placed b\ most authors among or near the Myrtacete : their foliag*e agrees 
rather with lliat of Lecytliidace;e, although without stipules; but their 
flowers are destitute of the hood. The sti^icture of their seeds hiis been 
misunderstood : they are destitute of albumen, and consist chiefly of a large 
axis with minute cotyledons. Jliey appeai^^to have dangerous qualities. 
Ilimiholdt and Bonpland relate that when^he fruit of Oust avia spcciosa 
is eati'ii by childrcu their skin becomes yellow, but the discoloration dis- 
appears in a day or two without any treatment. ^Barrhuftonia and Otis'- 
tavia are met with in cultivation as large and showy stove-shrubs.) 

(CnAMiicLAUCrAOEuE are a group of Australian shrubs, of heath-like 
aspect, distill gaiished from Myrtacem proper chiefly by the friugo of scales 
or bristles which frequently siirround^tho tube of the calyjc (whence the 
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nameof rringe-mjjrii;le9),andbytbe 1-celled (rarely 2-seeded) ovary. They 
have jio Imown utility, Geneva ; Chanuelaiicium, Desf. j jDani^mia, Kudge j 
CalytriXy Labill. Some of the species are very omamental as greenhouse 
plants, as the Dq^rwinim (Hedaromci) &c.) 

(BELVisiACBiE consist of a few species of handsome shrubs, belonging 
to the genera Palis., and AderanthoSy Desf., formerly supposed 

to be related to Cucur})itacem and PassiHoraceje, but apparently only 
forms of MyrfaceuJ reiuaikable ibr the several concentric gamopetalous 
circles of corolla (or corona), the polyadelphous stamens, and flat 
stigma. Napolemia impenalis forma a large "fruit, with an edible pulp and 
a nnd containing much tannin. Tho structure of the flower is curious 
and interacting. They a^i^ natives of -tropical Africa and Brazil.) 


Order LVlII. EHIZOPHORACEiB. Mangroves. 

Class, Calyciflorse, EndL^ All Myrtales, Lindl Cph, Myrtales, Eenih, 

et Hook, 

* . Elag^sis . — Trees or shrubs growing on raucldy sea-shores (fig. 

. mth Opposite leaves and deciduous convolute interpetiolar stipules ; 


Fig. m. 



flowers with an adherent calyx, 4-)i2[-lobed, the lobes sometimes coherent, 
,.v^votef petals equal to the cal}'*jc-lobes in number, spiinging from the 
cflyx 5 fstanaena perigynous, twice- or thric'l as many as the petAls ; ovary 
2-, 8-,^ dolled, each cell with 2 or more pendulous ovules ; iruit l-seeded, 
crowned bjCthe^calyx ; seeds exalbuminovis, germinating and forming a 
very fiwg root, befoye the firuit fails from the tree. 
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IlLUS TRATIVJB GeNEEA. 

Rhizophora, Lam, | J3ruguiera, Lam, 

Affinities, &c, — This small but interesting Order consists of about 20 
species, of very distinct habit, but soinewhat complicated in thejr, affini- 
ties, agreeing with the Myrtacete, Melastoinaceie, Vocliysiacete, and Com- 
bretaceai in many respects, while there* is a relation with Lythracese, 
Cunoniacetn, &c, in others j Endlicher, ae weli as Bpi^tham aawl Hooker,, 
place here Cas'iipourca and Lcffnotisj which cbniiect this Order with the 
last two ; Lindley refers the Campourecu or Legnotidk to the Loganial 
^Vlliance. 

The striking feature of this Order is the gerniinatiohof the seeds within 
the fruit while still attached, the roots usually descending to the mud 
and establishing themselves before the plumule emerges. The ttees als^. 
continually send out arching advenlhious roots^ which- strike and become 
new trunks, like those of the /Vfm* indica, forming the Mangrove-swamps 
of tropical estuaries. The fruit of ^liizophora Mam/ie js edible.’ The 
bark is generally very astringent in this family. The wood of thb radicles 
contains curiously bninched wood- or liber-cells. 

Order LIX. VOCIIYSIACEJS. 

Class, Calyciflora3, Endl, AIL. Sapindales, Lindl, Coh, Polygalihse, 
limih. et Hook, * 

410. Diagnosis, — Trees or shrubs, with Resinous juice -and mostly oppo- 
site entire leaves, with glands or stipules at the base; flowers perfect, 
irregular; calyx and corolla imbricaftcd, of* unequal piec^; sUimens 1-5, 
usually opposite the petals, arising fr6m the bottQin of ,the cal}’^) mostly * 
only one fertile, with an ovate 4-celled anther ; ovary free, or partly ad- 
herent, 0-celled, with axile placenta^ or 1-celled with 2 basilar ovules; 
seeds usually winged, without albumen. 

Illustrative Gexer.a. * 

Qualea, Aubl, | A ochysia, Juss, | f?alvertia, 

‘ii- ^ V 

Affinities, Ac. — A small ( )rder, the members of wliicli are natives of the 
equinoctial regions of America, and are known chiefly as timber-trees, 
often with large showy blossoms. Their afliiiities are obscui’e. Some 
autliors regard them as^ related to the Clusiacea-, others to the Violaceo) 
and the l*olygalaceie, near which latter timy are placed ty Reiitham and 
Hooker. On account of their calycifioroiis structure they are usually 
placed near Combretaceee. 

Order LX. COMBRSTACEAI. 

Class. Calycillorai, Endl, MyrtaJes, Lindl. Co/<. Myrtales, Eenth, 

et Hook, 

417. Diayimsis , — Trees or shrubs, with alteruato or opposite, exajipulate 
leaves, not dotted ; flowers perfect or diclinous by abortion ; calyx adhe- 

K 2 ’■ 
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rent, Trith a 4-5-lobed deciduous limb ; petals 5, calycifloroiis, or absent ; 
^stamens perigynoiis, o, 10, or 15, mostly 10 ; ovary 1 -Celled, with 2-4 pon- 
dulous ovules i style and stio-ma simple ; seeds exalbuminous ; cotyledons 
convolute. 

Tllustuative Genera. 


Tribe 1. Terminalik.e. Umallt/ j 
apetalous : cotyledons convolute, 
Bucida, L, 

Terminalia, L: | 

Pentaptera, Roxh, I 

Tribe 2. Combrete.e. Corolla j 
present ; cotyledons plaited. ! 


Combretiim, Liiffl. 
Quisqualis, Rumph. 
Tribe »{. Gyrocarpk.e. 
Ions: cotyledons convolute: 
burst iny by recurved valves. 

S ^rocarpus, Jacq. 
it^tu’a, Rl. 


Apeta-- 

anthers 


Afftnities.— Belated to Myrtacene, especially throu«r}i but distin- 

gruished clearly by the unilocular ovary and ]-st‘e(l»‘d IVuit. The structure 
of the flower allies the ( )rder to Onapm-em and Bliizophoracea^ ; the ape- 
talous forms approximate in some degree to the Santalacea3 and Lau- 
raceie. 

Distribution. — j\n Order comprising upwards of 200 species, generally 
distributed throughout the tropics. 

Qualities and Uses. — Tin; general property is astringency. The barks 

Ihicida Ruceras and Conoearpus racemosa and of various Terminalice are‘ 
used for tanning, Tlie fruit of Terminalia belerivUy Ihe Myr()]>ahin, is 
astringent and tonic. A kind of gum is obtained from the harlv of T. hele- 
vica and CoinbretunTalternifolium. T. Renzoin lias a milky juice, which 
hardens into a fragrant guiu-resin, used as incense in tlie Mauritius. The 
seeds of T. Cntappa are eaten like almonds. Many of the jdants are valu- 
able timber-trees : and a humber are cultivated on account ol‘ their showy 
flowers. 


( ALANGT ACEii-: are a small Ord(*r of exotic plants, timber- trees, or shrubs 
allied to Chiinbretaceoc, but having albuminous setals with large leafy 
cotyledons, and there Are differences in the corolla and stamens. Lindley 
considers the plants related in some degree to Myrtacoie, ^lelastonuicem, 
and Onagracefe, but, with Kinllicher, thinks that, after (kjmbretac(s‘e, tlndr 
nearest relatives are probably (hf^macejc and Hamamelacea* ; Bentham and 
Hooker group them with ('’ornace.x‘. succulent fruits are edibhi, but 

the plants on the whole ar(‘ of litth* importance, (leriera : Alangiuniy L. ; 
MarleOj lloxb. ; NyssUj Gronov., &c.) 


Orbkr’LXX. MELASTOMACEZE. 

Class. Myrtiflorae, Endl All. Myrtales,- Lindl. Coh. Myrtales, Renth. 

et Hook, 

Diagnosis . — Myrtle-like plants, with opposite cnrved-yibbed leaves, 
showy flowers, definite stamens with remarkable appendaged anthers, 
bursting by pores at the apex. Seeds very numerous, minute, ex- 
albuminqiis. 
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Illustrative Genera. 

OtRitradenia, Don, lihoxia, Niitt, Miconia, DC. 

Afehisioina, L. Modinilla, Oaudich. Meniecylon, L, 

( )sbeclfia, L. Sonerila, Itoxh. Moiiriria, Jt{ss. 

Affinities. — A lar«e proportion of these plants are distin^>*uishable at first 
si^ht by the several hir^e curved ribs running iroiii the base to the apex 
of the leaves,- but tliia (iharacter does not hold in Memeeyhm or in 
Mounrnt. In Memecylece^ also, the usually fiat cotyledons are convoluted, 
as in (J ombre tace.'e and exceptional Myrtacese ; Monrirm has the ribs of 
the leaves inconspicuous. The most striking- character of the flower lies 
in the stamens with their oddly bt.‘aked anthers. But the Order differs 
from th(j Myrtacem also in the contorted {estivation of the corolla. 
On the otlnu- hand, they are allied to tlie Layerstrwniitxe among- the 
J-rjVthrac(^{e, from which, however, the imbricate or twisted {estivation 
ot tlie calyx and the cliaracters above noted sulliciently distinguish 
them. 

Distribution. — A larg-e Ordc^r, the species of which are genenilly diffused 
within the tropics— a few also in North America, China, Austndia, and 
N. India. 

Qualities and Uses. — Tluj members of this large Order secmi to be all 
harmless ; and tin* prevailing charact(*r is slight astringency. Many yield 
edible succulent iVuits: tln^ name of Mcla.'<tom(t is deriv<Hrfroni the fruit 
staining the mouth black. The most si rikiiig peculiarities about the ( )rder 
are, perhaps, the be{iuty of tlie fiow(*rs, and the curious ribbed ajipear- 
aiice of the foliage. A large number of speci(*s are cultivated in this 
country, some as ornamental -foliage plants, others for the sake of their 
fiowors. 


Okdkk I^XII. ONAGllACEM']. The Evening-Primrose 

Order. 

C/ass. Calyciflorm, Dndl. All, Myrtales, Llndl. Coh. Myrtales, Benth. 

et Iloo1\tf 

419. Diagnosis . — 1 lerbs or shrubs, with 4-merous ('.sometimes 2-*‘f-me- 
rous) flowers ; the tube of the calyx (of the receptacle) adhering to the 
2-4-celled ovary, cMyx-teeth valvate in the bud, or ob.solote ; the epigynoiis 
petals convolute ; stamens as many, or twice as many, as the petals, and 
inserted with them ; ovary 2-4-eelled ) styles united > stigma capitate or 
4-lobed ; fruit capsular or succulent, with 2-4 cells j seeds numerous, 
without albumen. 

I1.LUST11ATIVE Genera. 

Qilnothera, L. Epilobium, L. Lopezia, Cav. 

Godetia, i^ach. Skinnera, Forst. Circ{na, Toarnef. 

Clarkia, Pursh, Fuchsia, Plum. Trapa, L. 

AfBnltlef. — Onagrads are allied to Ilaloragem, but differ in their often 
coloured calyx, absence of albumen, and simple style, from Trapa in their 
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convolute imbricate corolla, from Combrctacea3 by their pliirilocular 
ovary. The parts of the flower in this Order are sometimes 2-merous — 
Vtre^pa, while in Lopezia onlv one stamen exists. Sometimes the petals 
are absent : and occasionally the flowers are unisexual. Trapa is a penus of 
water-plants sometimes placed with Halorafracem, from which, however, 
its single style and exalhuminous embryo separate it. The floating leaves 
are flat, wedge-shaped, and entire, while the submerged ones are cut up 
into numerous very fine segments. Tl^ germination of Tnqm resembles 
that of some endogenous plants. 

Distribution. — The Order consists of a considerable number of species, 
natives chiefly of the temperate parts of Europe, North America, and 
India. 

Qualities and tTses. — Harmless, sometimes slightly astringent. The 
berries of some Fuchsias are edible. They are best known by the nume- 
rous garden plants belonging to the Ord(*r, most of which are very showy. 
EpUohivm has many native species, which are mostly weeds. E. anfptati^ 
folium, however, and E. hirsvfnm are tall and handsome plants. Some 
of the (Enotheroi are called 'Evening-Primroses, from the yellow flowers 
opening in the evening. Trapa produces a large horned fruit w’ith amygda- 
loid seeds with unequal cotyledons. T, nainns is th(* Water-clu'stnut of 
the French. The seeds of t, Impinom, the Singhara-nut (Kashmir), and 
T. hicornis (China) furnish important articles of food. 


Order LXIII. HALOKAGACEiE. 

Class, Calyciflorte, Endl, All. Myrtales, Lindl, Coh. Rosales, Benth, 

et Hook. 

420. Diagnom . — Aquatic plants, with small axillary" 2-4-merous flowers, 
often imperfect ; calyx adherent, its teeth obsoh'te ; petals often wanting ; 
stamens 1-8 ; fruit indehi scent, 1-4-celled, with a solitary suspended seed 
in each cell ; albumen fleshy. 

Illustrative Genera. 

Hippuris, L, I ^lyriophyllum, Tuill. | Ilaloragis, Forst. 

Affinities, &c. — The Haloragacem are distinguished from Onagracem by 
the reduced calyx and the solitary pcmdiilous and nlhuminous seeds; tin? 
corolla is absent from Ilippnris and Proserpinaca. The former genus has 
a very simple flowet, convsisting merely of an adherent calyx with a very 
short limb, an ovary of one c^ijrpel, and a single stamen. The whorled 
foliage of Hippuris and the Jfiyriophjlla is very ciirlmis, giving the first 
somewhat the appearance of an Equiseturn, while the latter are almost like 
some of the branched freshwater Algm. Most of the Order are aquatic ; 
but Hadoragis and Lmalonia are t(*iTcstrial and more or less shrubby. 
They are universally difi'used, but generally of little importance. 
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Order LXIV. LYTHRACE^, 

Clem, Calycifloree, Endl, AIL Saxifragales^ lAndL Coh, Myrtales, 
Benth. et Hook. 

421. Diag^iosis. — Herbs, 8hrubs,jipr trees, with mostly opposite entire 
leaves ; no stipules ; the calyx enmosing, but tree from, the 1-4-celled, ' 
many-seeded ovary and membranous pod, and bearing the 4-7 deciduous 
corrugated petals and 4-14 stamens in its throat, calyx-lobes valvate, 
the stamens lower down j style 1 ; stigma capitate, or rarely 2-lobed j 
capsule enclosed in the calyx, dehiscent ; seeds numerous, exalbumi- 
nous, 

iLLUSTllATrV^E GeNERA. 

Peplis, L. I Lythrum, Z. Lawsonia, Z. 

Ammannia, Iloiist | Cuphea, Jacq. Lagerstreemia, Z. 

Affinities. — In habit, as also in the striated calyx, these plants have some 
slight resemblance to l^abialjn ; but their nearest relations are, on one side, 
with several Calycilloral Orders (from whicli, as Oiiagraceaj and Melasto- 
macea), they ditler most strikingly in the superior position of the ovary), 
and on the otlier with Suxifragaceie. From Fhizophorea) they differ in 
their w^ant of stipuhvs and in their numerous ovules. From Myrtles, 
besides the above characters, they may be distinguished by their valvate 
calyx. 

Distribution. — A considerable Order, the members of which are generally 
diffused, the tribe Lagersfra mie(^ tropical. Lythrum SaUcaria^ a common 
British plant, is remarkable for being found as the only representative of • 
the Order in Austrjilia. Its ihnvers are, according to Darwin, triniorphic, 
the stamens and styles being of three different lengths ; two of these forms 
coexist in the same flower, and have diflerent sexual functions. 

Qualities and Uses. — IVlany of the plants have astringent properties ; 
several are valuable as dyes. Laicsmiiu iuerf^m is the celebrated llennah 
or Ilennd of the East, used by women to dye their finger-nails, hands, or 
feet of a brown-orange colour ; it is also used for dyeing Morocco-leather. 
The flowers of Gruka tomentom are also used for dyeing in India. Am- 
mannia veskatoria is acrid, and has blistering properties. Phynocah/mma 
florihunda, a Brazilian tree, has a beautiful rose-coloured wood. Cuphea 
contains many favourite cultivated species. Bentham and Hooker place 
Pniica (the Pomegranate) in this Order j but it would seem to belong more 
nearly to the Myrtles. 


Order LXV. SAXIFRAGACE^. Saxifrages. 

Class. Conuculatfl 0 ,^Z>i£//. All, Saxifragales and All, Grossales, Lindl. 
Coh. Bosales, Benth. et Hook. 

422. Diagnosis, — ^Horbs, shrubs, or trees, with the pistils mostly 
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fewer than the petals or divisions of the calyx (usually 2, coherent 
r below, and separate or se])aratin^ jibove) ; the petals J^70. 

sometimes waiitinj^), with the (mostly 4-10) sta- 
mens, inserted on the calyx, wliieh is either free 
or more or less adherent to the 1-4- celled ovary 
(%. . 470 ). 

Character, 

Calyx 5 -parted, more rarely 3-, 4-, or 10 -parted, 
more or less adherent to the ovary. 

Corolla : petals imbricate, piaairynous, equal in 
■ number to the sepnents of the calyx, and al- 
ternate with tlunii, rarely absent. 

Stamens inserted witli the petals, equal in num- Suxi/mga. 

her to them and alternate, twice as many, or indefinite. 

Ovary mostly of 2 carpels, more rarely of 3 or 4 or 5, mor(‘ r)r hvss 
united into a 2- or more-celled ovary, usually half or wholly 
inferior ; placentas axile ; styles as many as the cells of the ovary ; 
more or less coherent. 

Fruit usually capsular, delusc(‘nt: seeds T!io; ily nui.icrous, small, 
with tieshy albumen. 



This extensive group of plants is divisilue into four Suborders, 
which are by some authors regarded as distinct Orders : — 

1. Saxifragk.i-:. Herbs : stipules absent or adnate ; ])etals imbri- 
cated, or rarely convolute in the bud ; calyx free, or partly adhenmt. 
ovary 1-3 -celled. 

2. EscALLONiE.Ti:. Shrubs witli alternab^ siui];l(j glandular leaves 
and no stipules; calyx imbricated in the bud. 

3. pHiLADELriiK.®. Shrubs with o])posito sim]»lc leaves and no 
stipules ; calyx valvate ; stamens epigynous. 

4. CuNONTEJi:. Trees or shrubs uuth ojqmsite or whorled, simple 
or compound leaves, and large interpetiolar stipules ; petals never 
valvate. ^ 

III usT r ati ve (1 exk r a. 

Suborder 1. Saxifrage/E. Suborder 3. PHn.Ai>KLpnE.a3. 


gaxifraga, Z. 

Suborder 2. Escalloniea;^ 


Piiiladelphus, Z. 
Deiitzia, Thunh, 
Hydrangea, Z. 
Suhord(‘T 4. ( ' unoxie^. 


Escallonia, Mutis. 


Cunonia, Z. 


Affinities. — The relations of this Order are somewhat complicated, in 
corisequenee of the variety of conditions existing among the genera. The 
herbaceous Saxifrayece are related to the CrassulacejB in several respects, 
but differ in habit and in the absence of bypog\mous glands — and also to 
*the Rosaceae, through S/drcpa, AstilbCf &c. ; from these, Deutzialeadfi to the 
shrubby forms, where Fhiladelphvs manifestly approaches the Myrtacem, 



• CALYCIFIiORJE. 


273 


while the inflorescence of Hydrangea is like that of some Caprifoliaceye. 
TJie Cummece are scarcely distinguished, except by habit, from the tiaxi- 
fragece ; tlie E!icaUonie(t^ passing off from the rhiladelphece, are related to 
llibesiacem, and more distantly to those Ericacese with an inferior ovary. 
Bruniacem dilfer in their di(!Occous fruit ; Saxifragacese are clos(dy allied 
to Lythracea), but in the latter the embryo is cxalbiiminous. Parnasda 
is referred here by Hooker, but seems more closidy to n^sembh^ Ilyperi- 
cactve. The Australian Pitclier-pfjint (Cephal foUiculans)^ the leaves 
of which are tiilmlar, with a lid closing the tiib(i, belongs to a genus closely 
allied to Saxifrages, especially to the apetalous ones. From liosacete it 
diflers in the pres(jnce of albumen in the seed. 

Distribution. — A largo group ; the Saxifragpcp are northern and alpine 
plants ; the Escalhniece are chiefly mountain plants of South America ; 
the PhiladelphpfB belong to South Europe and the temperate regions of 
Asia and Apuirica ; the (htnoniece occur in tlui East Indies, the Cape, Aus- 
tralia, ayd South America. 

Qualities and Uses. — No important pi*operties arc. attributed to this 
Ordc'r ; a certain degree of astnngency ])revails in l^nxifrogecp and Cnno- 
7nvff\ Their chi(d‘ merit consists in the beauty of the many cultivated 
species of alpine Innhs, and of the hardy and hall-hardy iiowering shrubs. 
The Saxifrages, Deatzia, Heuchera, and* E'icaUoma^ Ilydrangpa, and others 
are familiar to ovt'ry one. FhUadelphas ammarim, the “ Sy ringa ” or M ock- 
Oratige of our shrubberies, a native of the south of Thirope, is remarkable 
both for the beautiful flowers (the sweet porfunn' of which d(‘pends on the 
presence of an essential oil) and the peculiar ilavour of the foliage, re- 
sembling that of the cucumber. 

(The genus //cn,s/orm, Wall., onct‘ considered to be* allied to Saxifragacea'., 
turns out to be identical with Crgpteronia^ JUume, which is included- 
in Lythraceic by Bentham and Hooker. Tht* genus consists of three or 
four trees of tropical India, related apparently to Philudelplmej by /i>/- 
drangcUj and more clostdy witli Brexiaceje, but that they have opposite 
leaves. In habit they resemble Caprifoliam.) ^ 

(Fuancoacm: is an Ordm' compost'd of Chilian lu'rbs witli the habit of 
Sa\ifrag(*s, and flowers 4-merous throughout calyx, corOlla, stamens (in 
.several circles), and car])els. Some authors consider them nearest to 
Saxifragacoje, others to Cras.siihiceje, others to Bosacem ; Jdndley believes 
their nearest alKnity is to Droseracem. Genera : FrancoUj Cav. ; Tetilhi, 
1 ) 0 .) 

Order LXVI. CK.ASSULACE*^1- The Stone-cror Ojder. 

Class. Corniculatas, EndJ, All. Violales, Lindl. Coh. Rosales, Beutk. 

et Hook, 

423. Dixxgnosifi , — Succulent licrbs or low shrubs with pcrfoctly 
symmetrical flowers, the petals and pistils equalling the sepals in 
number (3~20), and the stamens as many or twice as many ; albumen * » 
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Character. 

Cahf.v free, mostly 5-partod, rarely 3-10-partcd, imbricated in the 
bud, persistent. 

Corolla : petals as many as the lobes of the calyx and alternate with 
them, distinct or united below, emerging from the bottom of the 
calyx, imbricated in estivation. 

Stamens as many as the petals and alternate with them, or twice as 
many (in 2 circles), free or adherent to the (coherent) petals. 

Ovaries: carpels in a circle, as many as the petals and opposite to them, 
often with a glandular scale at the base outside, distinct or more 
or less coherent ; placentas at the ventral suture ; styles distinct ; 
stigmas on the inside. * 

Fimit ; a circle of dr}* follicles, or a capsule bursting at,tho dorsal 
sutures or by the separation of the walls as valves from the septa ; 
seeds Tarjdng in number, very small ; embryo in the axis of fleshy 
albumen. 


Illustrative 0 kxkra . 


iSuborder 1. Crassuxe.e, Fruits 
follicular. 

Tillnea, Mich. 

Crassula, Ilaw. 

Bnophyllum, Salish. 
C’otyledon, DC. 

Sedum, L. 


Senipcn'ivum, L. 

Suborder 2. l)TAMORPin-:;R. Car- 
j)cls coherent into a plurilocular 
capsule. 

Dianiorpha, Ktitt. 

Ponthorum, L. 


Affinities. — This very peculiar Order appears to be nearlv related to the 
Saxifragacene, especially by the genera with capsular fruit; and on the 
other hand to l^aronychiacene and hence to Carvophyllaceie. They 
are most remarkable for tlieir succuhmt foliage, possessed of a power of 
subsisting almost entirely on atmospheric elements, and resisting most 
obstinately the influence of heat and drought. They are exceedingly 
tenacious of life ; and liryopliyllnm in particular is celebrated for the apti- 
tude of its leaves to produce adventitious buds ( § 100) when separat(‘d and 
placed in favourable circumstances. The symmetrical construction of the 
novrers is likeivise very interesting to the botanist, and has been dw(ilt on 
iir the Mor|ihological Part of this work ( § 147). Idle IIoiisele(*k, Semper- 
vivum tectorumy occasionally produces monstrous stamens, with ovules in 
place of pollen. 

Dis^bution. — ^Thbre are a considerable number of species, generally 
found in the extratropical regions, in very dry situations, and especially 
abundant at the Cape of Good Hope. 

Qualities and Uses. — Their properties are mostly unimportant. Sedum 
acrcj the common yellow Biting »Stone-crop of our walls, is so called from 
its acridity^ and is said to be emetic ana purgative. Some are eaten ; 
others used as refrigerants. Cotyledon Umhilicus has been used in 
epilepsy. 
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Order LXVIL PARONYCHIACEiE or ILLECE- 
BRACEiE. 


Class. Caryopliyllino 0 , Endl. AIL Silenales, Lindl. Coh, Chenopodiales. 

424. Dinfjmms. — Herbs or shrubs with mostly opposite leaves and often 
sciirious stipules, minute flowers, with 5- or more, rarely 3- or 4-merou3 
calyx; petals small or absent; stamens on the calyx, 1-10; ovary 1-, 
rartdy 3-celled ; ovules numerous on a free central placenta, or solitary 
on a long funiculus from the base of the ovary. Seeds albuminous; 
tiinbryo curved. 

Illusthative Geneha. 


Stifcord. 1. PABONYCHIEiE. With 
scarioics stiptdes ; stamens opposite the 
sepals. 

Corrigiola, L. 

Paronychia, Juss. 

Illecebrum, Gfprin.f, 
Polycarpon, Lwj)L 
Spergularia, Eers. 

Spergula, L. 


Subord. 2. ScLEHANXirEiE. With- 
out stipules ; calyx with an indurated 
tube: petals none; statnens opposite 
the sepals. 

Scleranthus, X. 

Suborder 3. Mollugineje, 
mens alternate with the sepals when 
equal ; if f excel' ^ alternate with the 
carpels. 

!Mollugo, L. 


Afflnltios, Ac. — This Order consists of upwards of a hundred species, 
aud may be regarded as a d('generation of Caryophyllaceoe, from which 
they differ in ilie possession of stipules, the thin petals &c. forming a 
transition to the apetalous (yhenopodiacem and Amaranthacese. They 
are also nearly related to Portulacaceie, diflering from some of the genera, 
of tliat Order only by the position of the stamens opposite the sepals. 
Some of them are succulent, like the Crassulacem, but are distinguished 
i)y the structure of the ovary, Tlnw are mostly valueless weeds, abound- 
ing in barren sandy tracts throughout the temperate regions of the globe. 


Order LXYIII. POllTULACACEiE. 

Class. Caryopbyllinoe, Endl. All. Silenales, LhuU. Coh. Carvopbvlliiue, 
Eenth. et Hook. 

m 

425. Diagnosis, — Herbs witli succulent leaves and regular unsjmimetrical 
flowers (sepals fewer than the petals); sepals 2, rarely 3 or 5: petals 
mostly 5 or 0 ; stamens opposite the petals when of the same number, 
but often indefinite. Capsule 1-5-celled, with few or many seeds on long 
funiculi from the base, or on a free central placenta; embryo curved; 
round floury albumen. 

iLLUSTRATmil GkNERA. 

Tetragoniii, Z. Portulaca, Tournef Claytonia, X. 

Aizoon, X. Talinum, Adam, Montia, Michel, 

Sesuvium, X. 

Afflniuosi — ^This Order, here regarded, has various relations, and is 
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not well defined. It approaclies very closely to Caryopliyllaccje through 
Varonychiace£e, but may be distinguished by the 2-*parte*d calyx and the 
number and position of the stamens. Like Paronychiaerm, the mombors 
of this Order are nearly related to the proper apotalous Orders, CMiono- 
podiacea) &c. Lindley separates the Tetmgomea>, Akoklere, and Semrw/i 
in ap Order called Teti-agoniaceae, differiifg from Portulacac('jc in their 
aptjtalous fio^yers, multilocular ovaiy, and distinctly perigynous stamens. 
Portulacacem would thus be defined chiefiy by a 2-sepalous calyx, hypo- 
gvnons or rarely perigynous stamens, and 1 -celled ovary. Bentham and 
Hooker refer the letragoniefe to Mescmbrvanthacefe, from which ihey 
differ in their apetalous flowt^rs. PorUdaca is exceptional in its partially 
interior ovaiy and perigj'iious stamens: hence the Order, as a Avhole, is 
considered by Bentham and Hooker to belong rather to the Thalamiliorje 
than to the Calyeifiorae. The plants of this Order, are generally dififfsed, 
in waste, dry places. Porttdncn oleracea^ Purslane, is an old-fashioned 
pot-herb; others are used in the same way. Tetragonia expansa fur- 
nishes New-Zealand Spinach. Clmjtonia tuhomm has an edible tuber. 
Many have show}^ hut ephemeral iiowei*s. Lewisia redinca (On^goii) 
has a starchy root, used as food under the names of spatulum or spajtlum 
and racine amere\ it is pungent and aromatic when raw. 


Order LXIX. MESEMBRYANTIIACE.^: or FICOIDE.E. 

lci:-PLAXTS. 

Class, Caryopliyllinaj. All Ficoidales, Lindl. Coh, Ficoidales, 

Be nth. et Hook. 

42i). Diagnosis . — Shrubby or succulent herbaceous plants, with opposite 
simple leav(\s ; sepals definite; petals very numerous; stamens indefinite, 
perigynous; ovary inferior or almost superior, many-celled or 1 -celled; 
ovules numerous, attached h}' cords to n free central placenta or to axih^ 
placentas, or to parietal ])lacentas spreading over the hack of each cell ; 
seeds numerous; embryo curved or spiral, on the outside of mealy 
albumen. 

Illustkativk (ii vus. 

Mesembrvanthemnni, L. 

AlBnlties. — Very nearly relat(*d to PortulaeaeeiB and Paronychincem. 
From the former they differ in the parietal, not free centraT placenta, 
from the latter in the posilion of the stamens, many-celled ovary, and 
dehiscence of the ca])sule. The structure of the ovary is curious, pre- 
senting very different conditions in dilfenmt members of the Order; 
probably it is somewhat analogous to that of Cucurbitacea", and the 
diverse positions of the placentas depend on the degree of involution of 
the carpels and the di8ru])tioii of the septa. ^ The parietal plaecmta, 
together with the presence of numerous petals, iene to Indicate a rela- 
tionship to Oactacem. Bentham and Hooker refer to this Order Tetrago- 
niecB (see Portulacacem) and Molhtginefp (see Paronychiaceai), The plants 
are remarkable for their succulent foliage^ accompanied sometimes by 
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water-vesicles or pseudo-glands on tlie epidermis, whence the name of 
Ice-plant appliec^ to Mesemhryanthemum crystallimm. The ripe capsule^ 
are very hygrometric, the valves opening when wet and closing when 
dry. 

Distribution. — A rather large Order, of which the majority belong to 
the sandy tracts of the Cape, but a few are found in S. Europe, America, 
China, and the South Seas. 

Qualities and Uses. — The foliage of M. edulc HTottentots^ fig) is eaten 
at the Cape ; M. oinarcidum acquires narcotic properties when fermented. 
Several arc burnt for the soda-a*sh in Egypt, Spain, &c. The seeds of 
some yield a kind of fiour. * 


Order LXX. PAPAYACEyE. The Papaw Order. 

Clans, Parielales, Endl. All l^apayales, Liadl Coh. Passiflorales, 
Benth, et Hook, 

427. JDiafpionis . — Trees or shrubs, sometimes with an acrid milky juice, 
aKcrnate, lobed, long-stalked heaves, and diclinous, sometimes licrma- 
phrodite, dichlamydeous fiowers. Male fi. : — calyx free, minute, with 
5 teeth ; corolla monopetalous, with 5 lolies : stamens definite, epipetalous. 
Female fl. : — Petals 5 : corona filaimmtous or fimbriate, sometimes none ; 
ovary free, 1 -colled, with S~o many-see(h‘d parietal placentas; fruit suc- 
culent or dehiscent ; embryo iii the axis of fleshy albumen. 

IlLEHTR ATIVE C ENKR a. 

Carica, L. | ^Iod(.‘cca, L. ” | Ceratosicyos, ]\Ws, , 

Affinities, &c. — The prescuit Order stands near to Cucurbitacere and to 
l*assiti(n’uce}e, diflering, liowever, in im))ortant respei'ts from both, — since 
the former have an infeiior ovary and lixalbuminoiis setals; the latter, 
lu'rm aphrodite flowers and a characteristic coroin^t arising from the tube 
of the flower, ofila difterent nature to the staminodes or sterile stamens of 
"^the present group. Pent ham and Hooker include it under Passifioraceie. 
The Papaw-tree, Carica Papaya, has a succuhmt fruit, edible when cooked, 
but the juice of the unripe fruit and the seeds appear to be very acrid. 
C.diyifata ( Prazil) is regarded as a very deadly poison, and its juice blisters 
the skin. 7'he spc^cies of Carica are natives of South America, the otlier 
genera are East-Indian or African. 

('Pangiacf.jr are an Order of arborescent plants* closely related to 
Ihipayaceie, differing chiefly in being polypetalous, and by the female 
flowers having scales in the throat; the immbtT of parts in the floral 
circh's also appears more variable. They constitute a Tribe of Pixacea3 
in the ‘ ( Teiiera Plantarum ’ of Pentham and Hooker. They are poisonous 
plants finind in the hotter parts of India. Jlydnocarpas vrumafas is a 
native of Ceylon ; its fruit produces dangerous intoxication. The seeds 
of Panyium are sometimes used, after boiling and extraction with water, 
as a spice, but even then have cathartic properties. Genera : Pamjium^ 
Keinw. ; Gymnocarpea^ 11. Br. ; Hydnocarpu^f Grortn.) 
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• Order LXXI. PASSIFLORACEyE. Passion-Flowers. 

C/a3s, Parietoles, JE/idi. AIL Violales, Lindl. Coh, Passiflorales; 

Bentlu et Hook, 

428. Diafpwsis . — Climbing plants, rarely^ erect trees, with tendrils and 
foliaceous stipules ; leaves and leaf-stalks often glandular ; liowers perfect ; 
calyx 5-parted,witli nuhierous filamentous processes springing from the lube 
of the flower (receptacle), inside the 5 petals; stamens 5, nionadclphous, 
adherent to the stalk of the 1 -celled ovary, which latter is free from the 
cal^'x, and has 3 or 4 parietal placentas and as many clavate styles : fruit 
mostly succulent, stalked; seeds numerous, arillate; embryo straight, 
in thin fleshy albumen. 

iLLusTRAxm? Genera. 

Smeathmannia, Soland. | Passiflora, Jim. | Tetrapathpea, DC. 

Affinities. — This Order, which resembles the Cucurbitacem in habit, has 
a further aflinitv in the structure of the ovary, the most marked dilierence 
being the superior position of that organ and the presence of albumen in 
Passion-flowers. The coronet or wreath of filiform organs between the 
petals and the stamens, and the g\Tiandrophore bearing the stamens and 
ovary, mark this Order out ver}' clearly, and ordinarily its flowers are 
perfect; but the genus Tetrapathcea appears To connect it by a further 
fink with Cucurbitaceje, since the flowers are there polygamous or even 
dioecious. It is closely allied to 8aniydacea3, in whicii, however, there is 
no corona. From Turnerads it differs in the gynandrophore, and marces- 
•cent not deciduous petals. The relations to Capparidacem, Bixacere, and 
ViolacesD are more remote. 

Distribution. — -A coiisidemble Order in point of numbers : the greater 
part are So nth -American and West-Inaian; a few occur in North 
America, Africa, and the East Indies. 

Qualities and Uses, — The pulpy fruits of many species of Passiflora 
(Granadillas), several Tacsonue, and of Paropsin eaten; but 

astidngent properties exist in the leaves, while the roots of Passiflora 
qaadranf/ularis and the flowers of P. rubra are narcotics. The 1>eautv of 
the flowers and foliage renders this Order a very favourite one in cultiva- 
tion. Passifiora mrulea is hardy, hut most^of the otlier species and the 
Tacsonice are greenhouse or stove climbers. 

(Malesuerbiackas consists of a few unimportant htrbs or low shrubs, 
natives of Qhili and Peru, resembling Passifloracefe in the structure of the 
flowers ; but the coronet is nv*r(?ly a membranous ring, the styles arise 
from the backs of the carpels, and the seeds are not arillate. Included 
as a Tribe of the preceding Order by Jientham and Hooker.) 

(Turner ACEA i!. Herbs or half shrubby plants, natives of the West 
Indies and South America, with 5-meroii8 nowers, deciduous contorted 
petals with no corona, and a 1 -celled superior ovary witji 3 parietal 
placentas ; seeds albuminous, with a strophiole or false aril. They appear 
to form a link, through Malesherbiaceje, from the Possifloracem &c. to 
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parietal Thalamifloral Orders, such as Cistacese. They have tonic and 
aromatic properties, Genera : Turner Plum. ; Piriqmta, Aubl.) 

(SAMYDACKiE form a tropical Order, chiefly of American plants, of 
somewhat doubtful place : apparently they stand nearest to Bixacefe and 
the Thalamiflorfe willi parietal placentas"; however, they are apetalous, 
and the stnnifuis are perigynoiis, which relate them to a different set of 
Orders. One of tli(‘ir most striking peculiantiej is the presence of both 
round and linear pellucid glands in the leaves. The bark and leaves of 
the plants are astringent, and those of species of Casearia are used in 
Brazil as febrifuge medicines.) 


Order LXXII. CUCURBITACEiE. The Cucumber Order, f 

Cla^s. Peponiferae, Endl, AIL Cucurbitales, LindL Coh. Passiflorales, 
Bentlu et Hook, 


429. Dia/fnosh , — Herbaceous plants, mostly succulent, prostrate 
or climbing, with tendrils ; leaves alternate ; flowers dioecious or 
mona'cioiis ; the flower-tube adherent to the 1-3-celled ovary ; 
corolla none; and the 3-5 stamens commonly more or less united 
by their often sinuous anthers as mdl as by their filaments. Fruit 
a pepo, or, more rarely, a succulent berry. Placentas confluent in 
the axis ; albumen none. 

Character. 

Cahf,v adherent in the female flowers, 5-tootlied, sometimes without 
a limb. 

Corolla of distinct valvate petals, or 4-5-parted, sometimes fringed; 



Fig. 371. Female flower otCuimfUta, 

Fig. 372. Staminal column of male flower of Gourd. 
Fig. 373. Section of the fruit of the Cucumber. 
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spriiipfing from the calyx, and with the lobes alternating: with 
• those of the ciilyx. 

(f . 5, sjmngiug: froi^ the corolla and alternate with its seg- 

ments, more rarely 3 or 2, sometimes free. moriadel 2 )hous, or mbre 
fre(]iiently triiidclphoiis, with 2 pairs and 1 odd one ; anthers 2- 
celled, usually long and sinuous, or bent upon themselves laterally 
(tig. 872), sometimes straiglit, free, or combined. 

2 . Ovanf inferior (tig. 871), 8-celled; usually with 8 placentas placed 
parietally, hut on the involute margins of the carpels so as to meet 
in the centre (fig. 878), sometimes with 2 placentas and 2 erect 
ovules, or 1-celled with a solitary pendulous ovule ; sti/le short ; 
stigmas thickened, papillose, lobed or fringed. 
t^ralt more, or less succulent ; a pepo with a firm rind, or a juicy 
berry with a thin skin ; seeds mostly flattened, with a succulent 
or membranous coat over the leatliery or horny testa, which pre- 
sents a marginal ring or keel ; emhnjo thit, without albumen. 


Illustrative G ks era. 


Series 1. Plagiosperme-e. Oetiles ! 
lionzontaL 

Telfairia, Hook, * 

Peuillaja, X. 

Angaria, X. 

Bryonia, X.* 

Mukia, Arn. 

Citrullu-^, Heck. 

Ecba%m, X. C. Rich. 
Momordica, X. 

Lufta, Tournef. , 


Lagenaria, Ser. 

Cucumis, X. 

Cuciirbita, X. 

Series 2. AnoBREiE. Ovules erect 
or ascending. 

Trianosperma. 

Elaterium. 

Series 3. Oukmospeumeje. Seed 
solitarj/f pendidous. 

Sicyos, L. 

Sechium, P. lh\ 


Affinities, &c.--Tlie Ciicurbitaceap, divided as above into 3 series, are 
still further divided into tribes according to the miinber of the stamens, 
the form of the antliers, tlic nature of the pla(*entas, and number of 
the ovules &c. They form a very well-defined Ordtu*, but have affinities of 
a very diversified range. The habit and the placentation ally them closely 
with Passifioracere, from wliicli they dificr. hdwever, in the position of 
the ovary, the unisexual flowers, the peculiaf^tructure of the anthers, and 
the want of jdbumen. Their nearest relations among the epigynous Orders, 
after Begojuiacete, appear to be the l^oasacefe, throiifh (rronovia^ which 
agrees in ij^ climbing habit, and comes near the Sicgece. In the structure 
of the ovary and seeds and. position of the stamens them is a certain 
approach to the polvpetaloiis Onagraceje, Myrtaceae, &c., and, further, to 
the monopetalous Oampauiilacefe. Again, the diclinous condition and the 
structure of the pvary connect them with Papayaccic. This Order pre- 
sents a number of points of interest as regards structure. The tendrils 
appear here to be partially nietaiiioipliosed leaves, while their base is con- 
stituted of an abort! ve.branch \ the construction of the ovary of the Cucur^ 
\<iB is remarkable, the sides of the can)els being inflected to the centre, 
then rolled in further upon themselves tuitil the mwginal placentas 
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are brought back nearly to the circumference of the fruit ; hence, although 
termed parietal plactiUtas, they are rather an excessive case of the inflexion^ 
which ordinarily product's axile placentas. The form of the fruit is 
varied j the pt'po assumt's almtjst every modification of globular, oval, 
bottlt)-shape, sausagtj-like, or even snake-like form : some kindxS are dehis- 
ctuit ; in Echaliuni it bursts by separating from its peduncle and tixpelliiig 
the seeds with violence through the orifice ; in Momordica and others it 
hursts irregularly ; in Eltderium it bursts by two or three valves at the 
summit ; and in some species of Tjuffa an orifice is formed at the top by the 
separation of the scar of the calyx. In Sevhiunt the pepo contain^ only 
one seed, whi(di gerniinates-within the fruit, and never separates from it, so 
that the fruit resembles a thick root-stock. 

Distribution. — A considerable Order, the specie's of which are chiefly 
natives of hot climaitis, especially abounding in the h"ast Indies, but some 
found almost everywhere; Bri/onia dioira is the only llritish spfjcies. 

Qualities and Uses. — The majority of the plants of this Order are to be 
looked upon as suspicious, from the prevalence of a purgative property, 
sometimes very violent, sometimes slight, and apparently’ liable to afiect 
particular constitutions more strongly thau others. Some kinds may he 
reckoned as poisons, while othei-s, (‘specially wlien cultivated, although 
they retain laxative qualities, heconui innocuous. 

Among th(i decid(‘d purgatives. Ech alium af/redr, the dried juice of the 
fruit of which furnishes ElateriinnTT^Jio of the most drastic agents 
known, C olocynth is the extract of the pulp of C'ifndlif^^ Colocynthii^ ; the 
fruits of several species of Lujfa and Laymaria are strongly purgative ; the 
roots of the various species of Enjonia are activ(‘ly cathartic ; and the 
same quality resides in the s('eds of FeuilUea rordifoUa Some otlu'r 
plants of the (Jrder share this quality, although the seeds are gemn’ally 
narmless. 

On the other hand, the milder specie's furnish fruits highly esteemed 
either as fruits, for their delicate flavour in their fresli sthte, as in th(3 
^Ichm and the Cupuinher, or as pot-lu'vbs, ti’om the succulent, bland, 
piilpy^uhstance of unripe or ripe fruit, as of the (lourds. CNCvmis 
3mo is the common l^lon ; Cuawns is the OucuSSJJI'r; Cncurbita 

Cltmllm is the Wattir^mielon ; Ctwnrhita Prpo is the White Cluurd, C. 
maxima the lied (lourd or Puinpldn ; the Vegetable-marrow is a variety 
of (\ Pepo. The Snake-gourd, anyahia, is eateu in India, 

also many other species of ( hiciirhitaceous plants, which appear to become 
much milder under cultivation. Tln^ fruit of Sechiam rdide is also eaten 
in hot countries. Tlie si'ecTs are oily : some an' harmless, jis those of 
Telfairia pedata (Africa), 'which are said to he as large as chestnuts, and 
are eaten like ahiioMs, and the oil expressed. The pulp surrounding them 
is very bitter. 

Order LXXIII, BEGONIACE.E. Elephant^s Ears. 

Class. PeponiferoD, Endl All. Cucurbitales, Lindl. Cok. Passifiomles, 
Eenth. et Hook. 

430. Diagmsis . — Herbaceous plants or lo'w succnllnt shrubs with an ac^d 
juice ; leaves alternate, obljque at the base, with large scarious stipub 
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flowers diclinous ; sepals coloured, those of the barren flowers in two pairs, 
decussating ; those of the fertile flowers 6, imbricated; or 8 ; stamens inde- 
finite, distinct or coherent in a column j anthers clustered ; ovary inferior, 
3-celled, with 3 dissepimental placentas meeting in the axis ; stigmas 3, 
sessile, 2-lobed ; seeds exalbuminous, with a thin reticulated testa. 

Illustrative Genera. 

Begonia, X, | Ilillebrandia, Oliv, 

Affinities, Ac. — Tlie relations of this interesting and numerous Order have 
been variously conceived by different authors ; but they appear to b(^ very 
near Cucurbitaceoe, the so-called, parietal placentas of the latter b(‘ing 
rather an excessive form of the double axite placentae of such plants as 
Diploclmum, and the placentas of Mezicria are described as parietal. IJil- 
Ubrandia has nearly regular flowers, and the ovary opens at the top as in 
Reseda. It confirms the relationship to Datiscads. They are natives 
chiefly of India, South America, and the West Indies, and are much cul- 
tivated for their beauty; the oblique or unequal-vsided leaves are charac- 
teristic, whence they are sometimes called Elephant^s Ears. Many Be- 
gonias are remarkable for the production of adventitious buds in great 
numbers from various parts of their surface. The roots appear to be bitter 
and astringent, sometimes purgative. B. malahancay tuherosa^ and some 
others are used as pot-herbs. 

(DATLSCACEiE are diclinous apetalous herbs or trees, with alternate, 
exstipulate, simple .or compound leaves ; barren flowers with a 3-4-me- 
rous perianth and stamens ; fertile ones with an adhertmt 3-4-toothed 
perianth, a 1-celled ovary with 3-4 many-seeded parietal placentas, and 
a dry fruit opening at the summit. The}^ consist of a few species very 
widely scattered. Bathca canmhrna is found in the south-east part of 
Europe, and has bitter and purgative properties. The Order appears so 
nearly related to Cucurbitace.nc, Begoniaceae, and Loasoceje, tliat it is 
undesirable to place it among the Monochlamydem. D. cannahina is re- 
markable as affording one of the examples of a tendency of the female 
flowers of dioecious plants to mature seeds without impregnation ; this 
phenomenon has been observed frequently in Cadohogyne and Mercnrialis 
among the Euphorbiacene and in Cannabis ; but some error of obseiwation is 
to be suspected in these cases. Tetrameles is a large tree, the rest are 
herbs. Genera : Datisca, L. ; Teiramelps.^ It; Br. ; TricerasteSj Presl.) 

(IIoMALiACEJE are a small Order of tropical trees or shrubs with inferior 
ovaries and pariet&l placentas, related on the one hand to Passifloracefie, 
on the other to Loasaceae and Qactaceae. They are included in Sarny dacem 
by Bentham and Hooker ; some of them have been introduced into culti- 
vation on account of their foliage; the flowers are small. Genera; //o- 
maliumj Jacq. ; BUtchwellia^ Commers., &c.) 



CALYCIPLOR-®. 


283 


Order LXXIV. LOASACE^. 

Class. Parietales, EndL AU. Cactales, Lindl. Coh, Paasifiorales, 
Benth. et Hook, 

431. Dtaffnosts . — Herbs; sometimes hispid witli stinging hairs ; leaves 
opposite or alternate, without stipules ; calyx adherent, i-S-pailed ; petals 
T) or 10, in 2 circles, often cucullate; stamens numerous, free or in bundles 
adlierent to the petals, often intermixed with staminodes or abortive sta- 
mens; ovary 1 -celled, with several parietal placentas or 1 central; ovules 
pendulous ; seed with a loose testa ; embryo in the axis of fleshy albumen. 

Illustrative Genera. 

Mentzelia, L, Loasa, Adans. Gronovia, L, 

Bartonia, Sims, Pduinenbachia, Schrad, 

Affinities, &c. — A small Order. The Genus Gronovia,, with a climbing 
habit, connects this Order with Oucurbitaceje, especially those with a 
single seed ; but in the latter Order the seeds are exalbuminous. It is 
likewise closely related to Oactacem, ditfering importantly in habit only 
from some genera. AVith Begoniads it agrees in the character of the seeds. 
A furtlier affinity exists to the epijrynous Order Ouagracere ; and among 
those with a free ovary, Alalesherbiaceai, Tumeraceje, and ^Passifioracefe 
exhibit some points of agreement. They are natives chiefly of America ; 
but some occur in other parts of the globe, in temperate and tropical climates. 
They jire principally remarkable for their stinging hairs, which produce 
more violent irritation than our indigenous Nettles. Mentzelia kispida 
has a purgative root. Loasa, BaHonia, &c. are often cultivated on account 
of the bcmuty of their flowers ; but some of them are rendered less valuable 
by their stinging-property. 


Order LXXV. CACTACEiE. Indian Figs. 

Class. Opuntise, Endl, All, Chtctnles, Lindl, Coh. Ficoidales, Betith, 

et Hook. 

432. Diagnosis . — Fleshy and thickened, mostly leafless plants, of 
peculiar aspect, globular or columnar and many-angled, or ilattenc'd and 
jointed, usually with prickles. Flowers solitaiys sessilp ; the calyx and 
corolla sometimes 4-merous, but generally undistinguishable and imbri- 
cated in several circles adherent to the l-cell*d ovary; stamens indelinite ; 
placentas parietal; fruit succulent; seeds numerous, parietal or in the 
pulp, exalbuminous. 


Illustrative Genera. 

Mnmmillaria, Haw, Phyllocactiis, Link, Opuntia, Tonmef, 

Echinocactus, Link et Oit, Khipsalis, Gcertn, Pereskia, Blum, 

Cereus, Haw, 
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Affinities, &c.— -These plants are g/^nerally distin|riiiahal)Ie at first sight 
by the irmarkabh' forms of iheir succulent stems aifd the absence of true 
'leaves; hut this anomalous condition of the stem is not a decisive charac- 
ter, nor does it even carry with it indications of affinity, since Ave find it 
among Kuphorbiacea\ in Sfa/wlicff among tlie Asclepiadaceje, in Vitacejo, 
and elsewhere. The onliiuiry forms scarctdy re(iujredt‘scription ; but it must 
be noticed tluit the leat-like structures o^EpipItj/Utim kc, are branches, and 
the leaves are rc'presented solely by spines in the common kinds, each tuft 
of spines representing an abortive shoot with midev^eloped internodes; 
Pemkia, however, bears true leaves, sessile or stalked. Thi‘ stems have a 
woody axis of the normal Dicot vledonousstriuftiire: the chief mass of the 
stem of the phylloid kinds is made up of the greatly developed cortical 
parenchyma ; but the globular and columnar kinds are very solid : the 
wood is remarkable for a peculiarly formed spiral thickening of its cells: 
and the parenchyma of old stems is deii'^ely loaded with crystals of oxalate 
of lime. 

The relations, as founded on the structure of the flowers, are, perhaps, 
closest with Loasactw, and beyond llnun with tlm (bicurbitacea^, with, 
hoAvever, niany important points of difference from tlie la-'^t. Tliere is a 
considerable resemblance in certain respects to Mtstmibryanthacea* ; for the 
placentas of that Order and tln)<(‘ of tin* present are apparently but slight 
modi ticati oils of a similar fundamental .structure. Some degree of affinity 
exists between Ccaetacea* and Kibesiacea^ ; but the dicarpellijirv structure 
there and the albuminous Sf‘eds are important distinctions, and indicate 
a closer relationship of the latti*r plants to Saxifragacc'jt*. 

Distribution. —A large Order, the members of wliich are almost exehi- 
sively found in tht^ hotter }>arts of America, especially in dry situations. 
Opmtia rulparis is naturalized iu South Europe and elsewhere. A species 
of lihipmlis occurs in Africa. 

Qualitiea and Uses.— A snbacid juice is commonly present in tlioscj 

S lants, whence some of them are esteemed as remedies in fevers ; the pulpy 
ruit of some is agreeable on account of this quality, in others it is insipid 
and mucilaginous. Cattle are said to brui.se tiu* trunks of some speei<^s 
with th»dr hoofs in order to broAvse on the succulent parenchyma. Opiditki 
vulijark is the Prickly Pear, tlie fruit of whicli is esteemed in the* soutli 
of Europe and America. Tin* fruit of 0, Turn yields a (*armine pigment; 
that of Pereskla aculrata is called the Jkrbadoes (tooseberry. 0. cacei/ic!-- 
lifern^ the Nopal plant, is celebrated as fonning the habitation and 
sustenance of Coccm Caefi, the ( Vichine'ul insect. Cvrom grandiflorm^ 
C. nycticalus, and some others are noted for opening their magnificent 
flowers at night : these and many other species of this and other g(*nera 
of the Order, such as EpiphijUum, Pknllocarf}t.% lihip.iaUx^ &c., are highly 
valued in cultivation for tlieir showy flowers ; and the globular, columnar, 
and angular stems are not iess remarkable, on account of their strangt^ 
appearance. 
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Order LXXVf. RIHESIACEiE ok OROSSULACE^E. - 

C unit A NTS. 


C/asa. Corniculatfc, UncIL All, C* rorf.=»{ilos, Lindl, Coh, llosalea, 
lienth, et ILouk, 

433. Diaf/noi^iH . — Low sliruljs, Sf)mctinie8 prifldy, with alternate pal- 
matelj lobod lea\(!S, a Ti-lubed calyx fulln*iing t(» tliri l-celled ovary and 
bearing o stamens alternating with as many small pidals. Fruit a 1-celled, 
inferior berry witli 2 parit'tal placentas. Seeds numerous, imbedded in 
pulp ; embryo minute, in abundant horu}’^ albumen. 


Il.LU STRATI VF. ( i KN US. 

Jtilies, L. 

AfiSnitics. — These plants w(‘ve formei‘ly associated in the same Order 
with ('iicLacem ; but tlieir strm-iurc <rdrer«^ iiupoitaiitly, and approaches 
so nearly to that ol‘ SaxilVagatMae, that J^oh/osuta is placc'd among the 
/.’.sccd/oniWe by sonu' authors, and in this Order by others: the .-iicculent 
fruit and the"h<.)rny albumen are almost the only critcuia, since the pla- 
cmitas arc*, parietal in sonie J>y Leiilham and IJooker this 

Orchu* is includt'd under oaxifiagacc;e as a distinct 'rri]>e. 

Distribution. — Cool or shady localities in the temperate regions of 
Europe, Asia, and America. 

Qualities and Uses. ---'file agreeable acid fruits form the most striking 
character of this Order, d lu' OoosebmTv {Jl, (i'rof<mlarin ), the Black 
Currant {2t. the Bed and \Mdte (hirraiit (II. ruhrum) are the 

most \aliia])le kinds. Th(‘ Black Currant is remarkable for the aromatic 
glands, which give a stimulant property. All contain malic acid. Other 
fruits of th(‘ Order resendde th(‘se, hut are commonly <‘ither tasteless or 
excessively acid. Se\t*ral .'-pceies an^ showy garden shrubs, as U. aurvum. 
It. cocciueuuiy Sic.j in wliic-h the calyx is brightly coloured. 


Order LXXA^I. lIAxMA^MELACTFE. Wixc h-TIazels. 

C/us,s. Biscanlha*, EmJL ^ill. Fmhellalos, Lindl. Cvh. Itosales, 
Ih’nth. vt Hook, 

434. Hlaf/nosis. — Shrubs or trees, with afli'rnato simple leaves and de- 
ciduous sti]mles ; {lowers in heads i>r spikes, often pt)lygam )us or monm- 
cious; calyx adherent; petals naviow, valvalo or involute in the bud, 
or absent; stamens twice as many as the petals, half sterile and scale- 
like, or numerous; pistil of 2 carptds, forming a 2-cclled ovary, with 
2 styles ; ovules solitary in the cells or numerous : fruit a 2-beaked woody 
capsule with 1 seed in each of the two cells, bursting at the top; seeds 
alouminous. 
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Illustkative Gknkra. 

Tribe 1. IIamamelk^e. %'chla- Tribe :i. Altingire. Cah/.v 
mi/di*on ^ ; 1 suspended ovule in each often rudimentari/ ; ovules several in 


cell. 


each cell. 


ILimamelis, L. 

Tricliocladus, Pers. 

Tribe 2. Fothkhuillee, ^fo^ 
nochlamydeous ; ovitnj aS in 'Tribe 1. 
Fotliergilla, L. f. 
rarrotia, C.A. Mey. 


Tjiquidaiiibar, L. 
Ibicklandia, h. Hr. 
Khodoleia^ Champ. 


Aflinitief, *ei~Liiidlev makes Lit[Hidamhar the type of a distinct Order, 
Altingiaceie, a-i^iociatoi^l with the Ameniiferoiis Orders; but the relations 
between the jrenera above noted appear opposed to this. The flowers may 
be rejrarded as indicating an aberrant form, standing near C^ormwem, from 
which they ditfer in their perigyuous staimuis, the fertile ones opposite 
the petals, their multiple style, alleriuite lt‘aves, iJvc. They are also 
conneoted by Bruniaceio with the Umbelliterse. I’hey appixxich closely 
to the Saxifrages, but have wot)d-cells marked with glandular dt>ts and a 
large (not small) embryo, l)esult*s other points. The species are not 
numerous, but are widely didiised. Jlamamelis riryinica, Witch-Hazel, 
has oily edible seeds ; its bark and leaves are iistringent, and contain an 
acrid vobitile oil. \'arious species of Liyuidambar yield |he pungent 
resin called Storax. L. styracijlna (North America) is an ornamental 
tree, the hand.some o-tid leaves of which turn red in autumn; its resin 
contain.^ much lH.*nzoic acid. Most of the •* liquid iStorax ” of (*ommerce 
comes from the East, probably from L. urientale in the Lt'vant, and 
L. Altinyia in the Malay lsland.s. The bark of thevse trees is also acrid 
and bitter. 


(Buun’iacevR are an Order of Heath-like shrubs, ino.stly found at the 
Cai>e of Good Hope, of unknown projn rties; in structur*^ apparently 
connecting the H.o miinelacefe with the I mbellifene, having an t‘i)igyn»ius 
disk, and the heads of flow'ei’s sometimes surrouiulfMl by iiivolucral bracts; 
but tlie petals are valvalt*. Tliey hav** Si)me degree of affinity to Myrta«‘ea‘ 
also, thus bringing lhe.se into relation with the (’uprifoliaceo) and allied 
Orders. Genera: lirimiajh.\ Thunb.) 


ijl; Ordkh LXXVIII. UMHKLLIl'ElL'EoR APIACK.E. 

Oass. Discanthtb, Endl. AH. 1 mbtdlale.s, Lindh Coh. rmbellales, 
penth. et Jlook. 

435. Dtaynom . — Herbs, gentTalJy with fistuia? stein.s, tUtcrnatc 
leives sheathing at the bii.Ht;, gouierally deeply divided ; the flowers 
in umbels ; the tube of the calyx completely adherent to the ovary ; 
the 5 petals aad 5 stamens springing from the disk crowning the 
ovary and .surrounding the base of the 2 styles (fig. 374); the fruit 
oonsistiiig of 2 soparatmg, soed^like, dry carxiels. 
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Character, ^ 

Cahjx adherent, the limb 5-toothed, ring-like, or undistinguishable. » 

Corolkt ; peUih 5, distinct, springing from the outside of the fleshy 
disk, mostly indexed at the point, sometimes bifid, often unequal 
in size. 

Staniem 5, alternate with the petals and emerging with them, in- 
curved in the bud. 

Ovary inferi or, 2-colled, composed of 2 coherent carpels^ surmounted 
by a double fleshy disk or stylopod, from which project 2 divergent 
styles ; stlymis simple ; ovules 1 in each cell, pendulous. 

Fruit consisting of 2 secd-like halves {merlearps) separating at the 
commissure, remaining attached above to a forked carpophore 
(fig. 1377), which was previously enclosed between them ; each 
mericarp an indehiscent I -seeded bod}*;, with the pericarp deve- 
loped into longitudinal ridges (juya), 5 primary ami soinetimes 4 
secondary, w'ith intervening cliaiinels (vaUnuif^)^ in which often 
exist lines of oil-bearing tissue c ulled vit kp ; eiiihrtfo i\\ the base 
of abundant honiv albuiueu. 



Scries 1. ITkteii 08 CIadia\ 
bets simple; rittte none, 

1 1 ydrocoty le, Tournef, 
Mulinum, Pers, 

Simicula, Tournef, 
Astrantie, Tournef, 
Eryngiuiu, Tournef 


Series 2. TIaplozygt.«. Vmhek 
compound; primary ruhjes of fruit 
alone conspumons ; ritiec rarely absetU, 
Kchiudphora, L, 

Conium, L, 

Sniyniiiim, L, 

Cicuta, L, 


Ini.VSTUATJVK OKIfEllA. 

Um-\ 
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Apiiini, IloJ'm. 
Uelosriadiiiui, KocK 
Aiuiui, Tounu'f, 
i'E^opodiiiin, L, 
Carum, Koch. 
lUipleurum, Tourncf. 
(Kuanthe, Lam. 
/Etliusa, Z. 
Ftvuiculinn, Adana. 
Silaus. lieas. 
Critbiiiiiiii, Tounuf. 
Angelica, Jloffm. 
Ai'clmiigelica, Ilvffm. 


I Fenila, L. 

1 l)ort»ma, Don, 

j IVucftlumiui, Z. 

Ileradtiuni, Z. 

Opoponnx, Kinh, 

Series *‘5. 1 »ii*LOZYGr.i:. Umhvh 
compound; fruit with both primary 
I and secondary ridyca well marked. 
j (’onaiulruin, Z. 

I Cuniiimm. Z. 

I Daufus, Z. 

j Caiuailis, Z. 

Thupsia, Z. 


Affinities, Ac, — The ari'anpremeiit of tho genera above •riven is tlmt of 
lieiithuiu and llook«‘r. who ^^rt‘atly redact^ the number of •rt*neni cited by 
other authors. I»y I >e Candolle the I lubt'Hifers were grouprd under three 
Suborders : — 1. Orthosperiiiea*^ albumen flat on the inner face ; t?. (.‘ampy- 
lospernuio; albumen involute, with a vertical frroove on the inmu* face: 
.‘5. Ccelospermeie ; albumen indexed alune and below. The plant.< of this 
very exleiK-'ive and iinpi'rtiftit -Onler are in gem.ral readily r<‘e(ijrni/able 
bv their inlloresceiiee and tistular ^*ms; but tlu se characters are not 
always present. e\en in the indi|tenous forms; and it is in<lnu‘ti\<‘ in tlii*«i 
re>pect tp e-xaniine the Sanicula and llydravotyU^ where the umbelf< 

are little devtdttped, and Erynyium, where the dowel's are ses>i]e and tlie 
involucral bracts sumuch de\elopcd as to jrive tin* umbt ls the H])pearan»‘** 
of the eapitula of (.'')mposita‘. These d»'viations from the ordinary iiabit 
are jstill more strikin^^ in .^ome of the exotic {jrenera; (ov Jfors/o if Ha, a 
Javan fonii, has capitulate heads arranp*d in panicles; ami hola.r, an 
Antuivtio p'enug, ^rows in a tulVd manner, with imbriciit<'d lea\es an<l 
nearly i?essile umbels, so a« to as>ume the outward appcarunct^ of some oi’ 
the alpine .species oi Androaarc. Tlie e.-seiitial chanu ter of the order lit^s 
therefore in tin; fruit, by which thev are known from all other plants. 'I’iie 
struettire and arriUJ;^a'ment of the nd;:> s and vitt;e upon the pericarp, t(>^u‘- 
ther with the form of the albumen of the .sef'd.Yurnish the clianuitT'i by 
whic'h the Onler is subdivided; the latter charactiT, although formerly 
re^Tded as primm-y, is ii<»w found to he iiicoustant. 

The relations of, the l’mb< llifpra* an closest with the other epigymms 
OulVciflone with dehnite atamens, especudly Araliacejc (from which their 
fruit did’er.<i), the Hubiaceje (whieh have iut)nojH‘talou.-* corollas and op- 
posite leaves and interjieiiolar stipules), and the Coriiacj‘?e {where the 
leaves are partly opjiosite, the flower.s tetrani*'rou.M, and the fruit succulent ). 
In habit, as well. as in dharpellarv structure, .some of the Cmbellifera* 
appitkach the ^Saxifragaeeie. Jlie resemblances to (leraniaeea* 
ratAer superficial : tlie (*arj)ophore i.s of u very distinct iduiracter. 

Diatrllmtkm. — Abundant in llie northern parts of Europe, Asia, and 
America; common upon the mountains xvunner rejfions, ami again met 
with in the Southern heiui-spluTe, but chiellv fiS dw'arf ami tibeiratit 

Qualities and Uaea. — Several distinct elas.sea of active s^^cretions occur 
in the plant® of this Onier, which in some arc extnunely pfiw'crful, and in 
others alightly developed. The must important couaiat of acn'o-uarcotic 
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poisonous substances in solution in the watery juices ; the second are 
f^ami-resinoiis substances contained in a juice ^belonging to special tissues, 
and becoming milky when exposed to the air ; and the third are aromatic , 
oils produced in all parts of tJio tissues, but especially developed in the 
vittte of tin* pericarps. -Many have the w^atery juices innocuous, and the 
gum-resinous wjcretion mild, so that they become esculent vegetables, 
which are rtmderetl still more bland \vhen they acquire a more succulent 
condition under cultivation. The absence of light has a remarkable elFect 
in preventing tlie development of the aromatic principles, as is seen in 
blanched garden Celery and other cases. 

A number of tlie poisonous kinds are indigenous, one of which, Conium 
Hemlock, is in use in medicine as an anodyne. MOma 
Vynnpium^ l^'ocl’s Parsh?y, is a coniinuu w'eed ; Civuta virosay Water 
Il<‘ml()ck, is not uncommon (C, maculata of North America is equally 
poisonous) ; (]\nauthe croca((ty Hemlock Hropwort, (Ji. PhelUmdriutny and 
other sp(‘cies are likewise mded as poi.'?onons, although they appt^ar fo lose 
the prop»*rty under (.‘ertain circumstances. Anthriscus syhesim aial vulgaris, 
(*.\trenu‘ly common aliout hedges, are said to be poisonous. Accidents 
occur from the r(’seinblano«‘ of the foliag<‘ of these plants to Parsley, and 
of tln^ roots of (Puauthe and others to Parsn(‘ps. 

The plants furnishing the antispasmodic guin-resins arc mostly natives 
of warmer regions than the ooisoiiouij kinds, and soim* doubt exists as to 
the exact species 'vvhi(‘li yield certain of these substances. Aydcet ida is 
ladies (>d to be derised from Ferula Amfatida (Persia and Ai^ianisTah) ; 
Frnda pvn^ica probably funiishes some. F, urieufAili's (Morocco) yields an 
itmilogous resin. Sugnpenmu is supposed to la* obtained from another 
specio of Ivnda, (.« um Ammoniacum is from a Persian plant called 
Jhtvona Auimouiacum aiTT Fherue^iitn ymumiferum. Opopona.x is the 
n sin nf Pasfinaea Opapotau { Opopotmx i’htrouum). The source of Gum 
(iallioiuiuijs supposed to be Fvnda ynlhindjlua. 

Tin* tiavour of (lidcry { Apiam //yaree/ea.s),, Parsley {PetroscUunm $a^ 
tivuui), Peniu*! [Fa'anidum vulyare), Anpe lica {Xnliauyrlieg ojfficiualis), 
Kryngo (Tryuytum marititnum and of the Carrot {IJamns Ca- 

rota), and the P^usiie p {lUutwaea sattra) depi*nd <*n a volatile oil con- 
tained in the paix’iK hyinatou.H tis.^uc.N espveially of the rind and leaves; 
but ibis oil is more coiiccnlrated in lljc vjttie of the pericarp, which ren- 
ders the fruits of these plants still more powou fully aromatic, whence 
they are »>ft(‘n used for ibivouring in cooking; the fruits of the Cam way 
( Canon Carul ) J yrurudem ). Coriander ( Cormndrum^tivmll), 

Anise {Pinipimlla Anisum), (’umiuiu {(umnutn Cymiuum)^ and others 
anM‘sj)eciallv valued for these e&^enlial oils. 

The r<#(»ts of the Carrot and Parsnep, the rotd tif esruhvta 
(New (*ranada ), I ho stem and petioles of Celerx', win n remien'd very 
suecuhmt by cultivation, retain *>nly a iinMlerate quantity of the aromatic 
oils, and are then chit'lly valuable for theii^sacchaiine and mucilaginous 
qualities. Samphire, iniide into pickk?s, is ( Yitlopum marititmtm, a specie^ 
growing on niaiatime rocks. The roots of Chen il( Authriscus Cirefhlium) 
^>wert* formerly eaten. The tubers of the .specu's i»f Jhmium Ar«} t'dible. 
Alexmiders (iSmgruwfn Olusafrttm) was formerly cultivated like Celery, 
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Order LXXIX. ARALIACEiE. Th® Ivy Order. 

C^ass. Discantlise, Etidl. All. Umbellales, lAmSl. Coh, Umbellales, 
Benth,' et Hook, 

436. Dm^nosis, — ^Herbs, shrubs, or trees, with characters resembling? 
those of Umbelliferm, but usually with more than 2 styles, and tlie fruit 
8- or several-celled, succulent or dry, with one albuminous seed in each 
coU. • 

iLLUSTRAXm! G^INERA. 

Panax, Z. Hedera, Z. Gunnera, Z. 

Aralia, Z. Adoxa, Z. Ilelwingia, WiUd. 

Affinities. — The Araliaceas stand very close to the Umbelliferre, but may 
be distinguished by the ovary having more than 2 carpels. JMost of the 
plants have also a valvate aestivation of the corolla, while it is imbricated 
in the Umbelliferee : there are some exceptions to the rule in the latter 
Order j and Adoxa is'^an exception here. Seemann separates as a distinct 
Order, under the name iTedei*acc8e,^ all Umbelliferous plants with valvatc' 
petals and a friiit composed of two or more cai*pels. The true Araliads, ac- 
cording to this author, have imbricated petals. They are not so exclusively 
herbaceousa§ the Umbelliferfe, some being trees, and some climbing shrubs, 
which latter bring the OrjJer into relation with the Vitaceic. They are 
nearly allied to Caprifoliacem, which have a monopctulous corolla. Adoxa 
is remarkable for its etamens^ which have a bipartite filament, ea('h half 
bearing a separate anther-lobe ; it also presents flowers with 4- and o- 
► nierous ^joi^llas in the same inflorescence. Gunnera^ an aberrant form, is 
in some caaes dioecious, has but 2 petals and stamens, and a 1-celled, 
1-seeded ovary ; G. scahrd is repiarkable for its enormous leaves, as much 
as 8 feet in diameter, on stalks like those of Rheam. Heheimpa is uni- 
sexual, and is made a type of a di.'^inct Order by Decaisne and others. 
Its flowers are collected on the midribs of the leaves or bracts, from the 
adherence of the peduncle, somewhat as in Tilia. Seemann includes 
in nederaceae,^ on account of their valvate, not imbricate, petals, Crifh^ 
mwnj Horsjieldidy some species of Ilydrocotyle^ and some other plants 
iii|aally |>lticed in Umbelliferoe, 

' Distribution. — A considerable Order, di^ributed throughout all cliinatos, 

^ and , in all parts of the world. 

, Qualities and Xlses.^ — Aromatic and stimulant. The root of Panax 
Ginseng is highly valued by the Chinese as a stimulant ; P. qtiinqnefoUunt 
is exported to China from the United States as American Ginseng. 
Aralia nudicaidis States) is called Wild Sarsaparilla; A. raceniosa 

yields an aromatic gum-resin. The a.stringent roots of Gunnera scahra 
aiQ used for tanning, and the fleshy leaf-stalks are eaten. The benies of 
, Ivy (JSedfra Hdix) are ‘emetic and purgative. The wood of some of the 
Easfc-Indian species is resinous and aromatic. The substana) called'^ 
* Bice-pa^l^, prepared by the Chinese; consists of thin slices of the pith of 
Tdr.d]»amxq^a]^ifmiin, 



CALTCIFI.OES. 


291 


Order LXXX. CORNACEJE. The Dogwood Order. 

Class, Discantliiie, EndL All. Umbellales, Lindl, Coh. Umbellales^ 
Benth, et Hook, 

Fi^. 378. 

437. Diaf/nosis , — Shrubs or trees (rarely herbaceous), almost 
always with opposite and exstipulate sini|ie leaves; flpwers 
4-5-merous, sometimes diclinous ; the tube of the calyx adherent 
to the 1-2-celled ovary, its limb^iinute ; the petals (valvate in 
the bud), with as many stamens, inserted on tlie margin of an 
epigynous disk in the perfect ilowei-s ; st^dc 1 ; a single anatro- 
pous ovule suspended fron\ the top of each cell; the fruit bac- 
cate, 1-2-seeded (fig. 378); embryo nearly the length of the 
albumen, with large and foliaceous cotyledons. 

Hipe fruit 
of CorniM. 

iLLl'STllATrVE GeXERA. 

Benthamia, Lindl. | Cornus, Tonrmf, | Aucuba, Thunh, 

Unities. — The cliief distinctions from the Araliaceae lie in the inflo- 
rescence, the letrumerous structure of the flower, the usually opposite 
leaves, the 2-carpellaiy' ovary, and the .simple style; from Umbelliferm 
the first two characters divide them, together with tlie single style, and 
in most cases the habit ; Caprifoliacete are distinguishable by the mono- 
petalous corolla, llaloragaceiu differ in habit and disthict styles, but are 
connected with this group thnmgh Gioinera, 

Distribution. — A small Order, the members of which are natives of the 
temperate parts of America, Jhirope, and Asia. 

Qualities and Uses. — The bark of various species of Cormts is esteemed 
as a tonic and ft'brifuge ; (.\ /ionda &c. are used in North America in 
])lace of Cinclioiia; Coruns sofu/uiuea^ Dogwood, is a common hedge 
shrub. C. mascuhij the Cornelian Cherry, bears fruit, which is now little 
esteemed. Aucuha japonicu, the variegated or “(hiba’’ I.^urel of our 
.shrubberies, is the female form of a dia*cious .lapnnese plant, propagated 
in thousiimls by layers, but till lately never producing seeds, as the male 
plant was, till a fe^v y(?ars ago, "nnSnown in this country* Npw, how- 
ev(‘r, by artificially placing the pollen of the male flo\yers on tlie stigma 
of the female, or by the agency of insects, the Scarlet olive-shaped btuiies 
aiy produced in profusion; anti in this way numerous, vaiieties have been 
raised from seed. 
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Subclass 3. COEOLLIFLOEJE. 

438. Dicotyledonous Flowering plants having both calyx and 
corolla, the latter mono- or gamopetalous and springing directly 
from the receptacle ; the stamens mostly adherent to the corolla 
(epipetalous), rarely free and arising with the corolla from the 
receptacle. ^ 

Similar anomalies to those noted undftr the other Subclasses occur in 
some Orders which, on the whole, are Corollifioral. Thus, among Ericaceie, 
the Suborder Vaccimem is properly Calycilloral, and the same thing occurs 
in SUTacacete and elsewhere; among the Ericacem and Epacridacem we 
sometimes have the Thalamifloral condition, the petals being distinct and 
the stamens hypogynous. In rrinmlacefe and Plumbaginacefo poly- 
petalous corollas occur, but with' epipetalous stamens ; and also apetalous 
flowers with hvpogynous stamens, which, strictly speaking, would be 
Monochlamyde6us. These (and many other cases might be noted) in- 
dicate the continual occurrence of cross relations ” between the groups 
of Orders, which render it verv difficult to arrangfi the Orders satisfactorily, 
and show that any linear series is quite artificial. 


Order LXXXI. CAPRTFOLTACEifi. 

\,The Honeysuckle Order. 

C7<w 5. Caprifoliacese, Bndh All. Cinchonales, Lindl. Coh. Eubiales, 

« Benth. et Hook. 

439. Diagnosis . — Shrubs or rarely herbs, vidth opposite leaves and no sti- 
pules ; the tube of the calyx adherent to the ovary' ; the stamens as many 
as (or one less than) the lobes of tjie tubidar or rotate epigynous corolla, 
and attached to its tube ; ovary 1-5-celled, often with 1 ovule in one cell 
and several in the others; style 1 ; stigmas 3 or 5; fruit indehiscont, dry 
or succulent, 1- or more-celled ; seeds solitary or numerous ; embryo ill 
fleshy albumen. 

Illustrati've Genera. 

Linnma, (^ronov. I Diervilla, Tmirnef, I Viburnum, L. 

Symphoricaipus, DiU. | I^onicera, Desf. | Sambucus, Tournof. 

Affinities. — This Order is usually subdivided into two )Suborders ; 1. IjO- 
nicerese, with a tubular, regular or in-egul«r corolla, a filiform style, and 
seeds with a dorsal raphe ; and 2. Hambucem, with regular rotate corollas, 
3 sessile stigmas, and seeds with Ventral raphe. It connects the mono- 
petaloiis Eubiaeeae, Loganiacese, and their allies with the polypetalous 
Comaceffi and Umhelliferae. Through the Escalloniece it is also connected 
with the Saxifragacem. 

Disttibntion. — A considerable Family, distributed chiefly in the northern 
parts 01 Asia, Europe, and America. >> 
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Qualities and Uses. — Some of the plants possess powerful purgative and 
emetic properties, as in the leaves of the Elder {Samhtwws nigra), of the 
Guelder {Viburnum the Common Honeysuckle (ZomWtf ‘ 

Periclgnienum), and Triosteum perfoliatum (North America). The fruits 
setiiii destitute of this property, that of our Elder and others being made 
into wine; tlie berries of Vibutmum are eaten in North America; and 
those of Sgmphoricnrpus, the Snow-berry of our shrubberies, appeaij to be 
harmless. The fragi'auce and beauty of the flowers are marked characters of 
tlie Order. Besides I loneyauckles, species of Lonicera and Caprifolium, the 
Eld<‘r, the speci(is of Viburnum ( V, Opulm^rown in gardens for its balls 
of white neuter flowers, V. Lantana, the mealy Guelder Rose, F. Tinus, the 
Laurustinus shrub), Symphoricaf^pus, &c. are found in every shrubbery. 

^RDER LXXXII. RUBIACEiE. The Madder Order. 

Class. Caprifoliacese, Endl. All. Cinchonales, Lindl, Coh. Ilubiales, 
lienth. et Hook, 

440. Diagnosis. — Herbs, shrubs, or trees, with opposite entire leaves 
connec ted by interposed stipules, or in real or apparent whorls with 
stipules resembling the leaves ; the calyx adherent to the 2-“4-celled 
ovary ; the stamens as many as the lobes (3-5) of the regular epi- 
gynous corolla, and attached to its tube ; ovules anatropal ; embryo 
albuminous. 

Character, 

Calyx adherent, limb entire or 4-G-toothed. 

Corolla mouopetalous, regular, with a long tube, or rotate, its seg- 
ments equal iii number to the teeth of the calyx. 


Fig. 370, 



Fig. 379. : a, flower, nat. size, showuig ohftoleie calyx, gamopetalous 

corolla, &c. ; 6, section of the flower. 


Stamens equal in number to the lobes of the corolla, and attached in 
one line upon it, alternately with them. 

Ovary inferior, usually 2-celled, with an‘ epigynous disk ; styU single, 
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sometimes slightly divided ; stigmas united or divided ; ovules soli- 
tary, 2 or many in each cell. • 

Fruit splitting into two dry cocci, or indehiscent, and then dry and 
succulent, 2-celled, 2- or many-seeded ; seeds, if definite, erect or 
ascending, or numerous on axile placentas ; embryo in horny al- 
bumen. 

Illustbative Genera. 


Subord.l. Stellata3. Interpeiiolar 
stipules leaf dike, forming t^horls ; 
ovarg with 1 seed in each cell, 
Galium, X. 

Eubia, Toumef 
Asperula, X. 

Sherardia, DHL 

Subord. 2. Cofpeje. Stipules s^naH ; 
ovary with 1-2 seeds in a cell, 
Opercularia, A, Rich. 
Coprosma, Forst. 

Spermacoce, X. 

Eichardsonia, Kunth, 
Cephalanthus, X. 


Cephaelis, Sw, 

Psychotria, X. 

Cofiea, X. 

Ixora, X. 

Florinda, VailL 
Guettarda, Vent. 

Subord. 3. Cinchone-®. Stipules 
small; ovary icith numerous seeds, 
Iledyotis, Lam. 

Rondeletia, Bl. 

Eouvardia, Salisb, 

Cinchona, X. 

Exostemma, X. C. Rich, 
Gardenia, Ell. 


Affinities. — ^The Rubiacefljg are often divided into two Orders, Cincho- 
nacese and Galiaceae, or Stellatm, the latter including all the genera with 
large foliaceoiis stipules, or, as they are termed, whorled leaves : the distinc- 
tion does not appear to be sufficient. The presence of interpetiolar stipules, 
either small or imitating leaves, is the principal character separating this 
Order from Caprifoliaceie, where, however, Lindley ohservt^s that tliey 
sometimes occur as monstrous growths. This Order also runs very close 
to Loganiacese, being chiefly distinguished by its inferior ovary ; the Loga- 
niaceaB thus connect it with Gentianaceai and the allied Corolhfloral Orders. 
The fruits of the Stellatcs, and of some of the Voffere, nearly relate them 
to the UmbClliferte ; from which, however, they may be at once known 
by th^ monopetalous corolla. Operetdaria, an aberrant genus with a 1- 
celled; 1-seeded ovary, connects the Order with 1 fipsacem ; and the inflo- 
rescence of some kinda> as Cephalanthus, Rivhardsmia, kc., approaches the 
condition of the capitula of that 6rd»‘r and of Compositiej while in 
Argyropkyllum Jhe staitiens are syngenesious. 

Distribution. — ^This is one of the largest Orders. The Stellatep belong 
to the cool parts of the Northern hemisphere and the mountains of the 
Southern. The Coffece and Cinchonece arc chiefly natives of warm climates, 
mo4t of them tropical. \ 

<}aallti68 and F8es.-i-The Eubiaceae fori^ a very extensive group, and 
include plants with a considerable diversity of pr(‘perties. Some are 
emetic and purgative; others febrifuge and tonic ; (<tners stimulant and 
restorative ; some are astringent ; a tew have edible fruits ; some yield 
valuaMe dye-stuffs ; and frapant or showy flowers abound in the Order. 
Among the powerfiillj^ emetic plahts are tne Ipecacuan, the officinal sub- 
stance^ing thetoeyeping rhizome of Cephaelis Ipecacuanha. Psychotria 
mwtiea forniahes a spurious kind caj^ed black or streaked Ipecacuan. 
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Richardsania scahra and emetica yield white false Ipecacuan. Cfhiococea 
dmsifoHa (Cahinca root) and C. angmfuffahayQ similar properties, whicli 
are shared by the genera Spermacoce^ Manettia, &c. Most of the above * 
plants belong to Jlrazil. The two species of Chiococca above named are 
regarded as specifics against snake-bites j their emetic and* purgative 
action is described as excessively powerful. Some species of Cephaelis 
and Psijchotria are still more active, and are used as poisons for rats and 
mice in Brazil. Coffee consists of the seeds of Coffea arahica, two of 
which are produced in a succulent berry. It is believed to be a native of 
Abj’ssinia, perhaps also of Arabia, but is now widely diffused in cultiva- 
tion in the East and W(^st Indies and Brazil. The fruits of Galium are 
said to bear some resemblance to Coflee when roasted. 

Cinchona, Peruvian or Jesuits’ bark, is derived from several trees 
natives of the slopes of the Andes, at an elevation of about 7000-8000 feet, 
and many of which are now cultivated in India. The researches of Wed- 
dell, Ilow'ard, and others have deteraiined the source of most of the kinds. 
Cinchona Calimya gives Y ellow or Calisa^ a bark : C. svccirnbraj Red bark ; 
C. nitidii and micrantha^ Grey or lluanaco bark ; C. Condaminea (var. vera), 
Crown or Loxa bark. The bark of various species of Exostemma is 
known as Msc (hiichona. Species of Gncttarda, Pinckneya, Rondeletiay 
Contareaj See. have similar properties. The extract of the leaves of 
Uncaria Garnhir is a powerful astringent, known as Gambeer among 
the Malays, and rnpposed to furnish part of the Catechu of commerce. 

Among the fruits maybe mentioned thostj of Genipa (Brazil and Mada- 
g«scar), Sarcocej.hfdus esculentusy the Sierra Leone Peach, See. The berries 
of some Copnmnee are eaten in Australia, and are called Native Currants. 

Of the dyes, JNIadder, the roots of Rubin tinctorum (Europe), R. cor» 
difoUay Munjeeth (Bengal), R. Rclbotm (China), and R. angustissima are 
the most important; Qldcnlandia nmbeUatay used instead pf Madder in 
the East Indies ; species of Morimlay PagehotnUy Genipay Condamineay &c. 
are of less importance. Guettarda spaciosa furnishes what is called by 
cabinet-makers “ Ztjbra-wood,” from the West Indies. 

Among the genera noticed in the list above, are found many of our 
favourite stove-plants, noted, like Gardenia, for fragrance, or, like Ixora, 
for llieir splendid blossoms and handsome foliage. ISiany species of Galium 
are common weeds wdth us, readily known by their star-like wlibrls of 
leaves and stipules. 


Order LXXXIII. VALERI A'NACliE. 

The Valerian Order. 

Clase, Aggregatse, Endl. All. Cainpanales, ZtW/. Coh. Rubiales, 
Benth. et Ilook^ 

441. Diagnosis , — Herbs with opposite simple or compound leaves 
and no stipules ; the tube of the calyx adherent to the ovary, which 
has 1 fertile and 2 abortive or enapty cells ; the limb obsolete or 
forming a pappus ; corolla epigynous, tubular ,i3-6-lobed (lobes im- 
bricate), sometimes spurred at the base; stamens 1-5, distinct, 
fewer than the teeth of the eproUa, attached to its tube, alternate 
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with the lobes ; seeds solitary, in the fertile ceU of the dry, indehis- 
^cent, sometimes pappose fruit, pendulous, exalbuminous ; radicle 
superior. 

Illustrative Genera. 

Fedia, Mamch. | Centranthus, DC, | Valeriana, Neck, 

Affinities. — This Order approaches Dipsacens in jjeneral structure, some- 
times havinjr involucrate inflorescence ; hence it is also related to Com- 
posite, Campanulacem, &c. ; but the peculiar structure of the ovary is a 
very marked character, ^d the seed of Dipsacem is albuminous. The 
development and unrollin<r of the pappUs of Centranthus and others, during: 
the ripening of the fruit, is very siiigidar : the corolla is surrounded by a 
thickened ring, which subsequently enlarges and expands into a crown of 
feathery processes. 

Distribution. — An extensive Order, the members of which are distributed 
throughout the temperate parts of hlurope, Asia, and America. 

Qualities and Uses. — Many of the plants hjive strong aromatic properties, 
whence they are used as antispasmodic and tonic remedies. Valeriana 
officinalis^ Phu^ celticn^ and Salinnca are all used; V. sitchensis^ from 
Russian America, is said to be the most powerful. Nanlostacln/s Jatamansi 
(India) is supposed to be the ancient Spikenard. Fedia or Valerianvlla 
olitoria is cultivated for salad, under the nanu* of Lamb’s Lettuce. Cm^ 
tranthvs ruher^ a showy plant, with abundant cymes of small rose- 
coloured flowers, is foimi in most gardens, and is naturalized in Kent. 


Order LXXXIV. DIPSACEiE. ^he Scabious Order. 

CUm, Aggregata?, Fndl, All, Campanales, Lindl. Coh, Composi tales, 
Benth, et Hook, 

442. Diaf/nosis , — Herbs with opposite or whorled leaves, no stipules; the 
flowers in dense heads surrounded by an involucre as in Composite ; the 
separate florets surrounded by special membranous involucels; calyx 
adherent, limb pappose ; corolla epiffvnous, tubular, mostly irregular, 
4r-5-lobed, inserted on the calyx, imbricated in mstivation ; stamens 4, 
sometimes half barren, attached to the tube of the corolla ; anthers di- 
stinct; ovary 1 -celled, with 1 pendulous ovule, simple stylo and stigma; 
fruit indehiscentf seed albuminous ; radicle superior. 

Illustrative Genera. 

Dipsacus, Tournef, | Scabiosa, limn, et Schult, 

AfBnltief. — Nearly related to Valerianaceib on one hand, and to Com- 
posite on the other ; distinguished from both by its involucels and albu- 
minous seed; from Composite especially by the distinct anthers and 
pendulous seed. 

Distribution. — ^The species number about 150, and are found most 
abundantly in Southern Europe and North and South Africa. 

Qualities and Uses. — Some are said to be astringent. The Teazel, 
XHpBocm fvUmum^ a large Thistle-like plant, is of great importance, its 
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dried capitiila being used to comb up the nap on cloth, the hooked bracts 
not tearing the stuff like metal instruments. Many species of Scahiosa 
(Scabious) are cultivated for their beauty; two small-flowered species ar^ 
natives of Britain. 

(Calyceiiack-e are a small Order of South- American plants, interme- 
diate between Dipsaceje and Compositse, having the pendulous albuminous 
seed of the former, and anthers colierent below and fl*ee above, so as to 
approach the syngenesious character of the latter Order. Properties un- 
known. Genera: Juss. ; CalycerayijQ,\,), 


OiiDEE LXXXV. COMPOSITiE or ASTERACE^. ^5 

Class, AggregatoB, Endl, All. Campanales, Lhidl, Coh. Oompositales, 
Benth, et Hook. 

443. Diagnosis . — Herbs or half-shrubs with the flowers in dense 
heads (capitula) upon a common receptacle surrounded by an invo- 
lucre ; stamens 5 (rarely 4), inserted on the corolla, and with their 
anthers coherent into a tube surrounding the style ; ovary inferior, 
1-cclled, with 1 erect ovule ; seed exalbuminous. 

Character, 

Capitula at the extremity of an enlarged peduncle surrounded by an 
involucre of bracts, and bearing perfect and imperfect florets closely 
packed, all similar, or ol two kinds, those of the centre or disk and 
those of the circumference or ray ; florets often accompanied by 
membranous scale-like bracts (jaalece). 

Calyx adherent; limb obsolete, entire, or in the form of a circle of 


Fig. 381. 



Fig. 380. Tubular floret. Pig, 881. Ligulat© floret 

Fig. M82. Syngenesious stamens and pistil of Compositic: a, in the natural position; ^ the 
tube of nnthers opened. 

Fig. 383. Linear stigmas of Composite. 

0 5 
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scales^ bristles, or feathered or simple hairs which is 

often persistent. 

^Corolla monopctaloiis, epigynousfj tubular (fig! 380) and funnel- 
shaped, or ligulate (fig. 381), or bilabiate. 

Stamens 5, alternate with the teeth of the corolla ; filamenh distinct ; 
anthers cohering into a tube round the style (fig. 382). 

Ovan/ inferior, 1 -celled, with 1 erect ovule; stifle simple below, 
bifid at the apex, with a distinct stigmatic surface on each branch 
(figs. 382 & 383). 

Fruit a cypsela (figs. 384-380 ), indehiscenc, with 1 erect exalbiimi- 
nous seed, often crowned by the pappus. 


Fig. 384. Fig. 380. 



Pigs. ^4-38^. Cypaeloas fruits of Composite aurmonnt<Hi bv the pappus. 
(Fig. 386, vertical section, shovniS§ Ime erect seed.) 


. This extensive Order is divided into three Suborders. 

1. TuBtruFi'OR.i:. Florets all tubular and perfi^ct, or only those 
of the centre (djsl') perfect, ^vhile those of the circumference are 
tubular or ligulate, and female or neuter below its brunches. 

2. LABiATiEFLOR.E. Florcts with bilabiate corollas, perfect or uni- 
sexual. 

3. LiGULiFLORiE. Florcts all ligulate and perfect ; juice milky. 


Tussila^^ Toumef, 
Aster^ I^ees* 

JBellis, 

Solidago, L. 

Inula, Qeertn. 
l^hlia, Cav. 
2Sniiia,X* 
BudMsiiay L* 

Xh 

Bideu^lS^ 


Illustrative Genera. 

1. TuBULIFLOBiE. 
Tagetes, Tgurnef, 
Anthemis/DC. 
A*nacyclus, Pers^ 
Achillea, N^eck, 
IVrethrura, Gesrtn, 
Onrysanthemum, pC» 
Artemisia, X. * 
Gnaphalium, Dan. 
Arnica, X. 

Senecio, Less, 


Calendula, Neck. 
XermthemumjTourncf, 
Baussurea, Du 
Awitium, Lam. 

Carlina, Tmtmef, 
Centaurea, Less. 
Cnicus, VaiU. 

Carduus, Getrtn, 
Serratula, DC. 
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2. Labiat^flob^. 

I Printzia, Cms. I Nassavia, Commers, 

I Anandria, Siegeab, j Trixis, P. Br. 


Baraadczia, L.Jil t 
Mutisia, L.JiL 


Cicboriuni, Tournef. 
lIypocha:*ris, L, 
Lcontodoii, Z. 


3. LiGULIFLOEiE. 

Tragopogon, Z. 
Sonchus, Z. 

Lactuca, Z. 


Taraxacum, ,Tu88. 
Crepis, Z. 

Ilieracium, Toumef, 


AflElnlties. — This Order, which is the most numerous, and, by some 
authors, regarded as the most perfect in the Vegetable Kingdom, is like- 
wise veiy natural, its distinguishing features being verj*^ evident in almost 
every genus. From its nearest allies, Dipsacetc and Calyceraceee, it may 
be distinguished by the condition of the anthers and the ovule. The 
svngenesious condition, and, in some measure, the general structure of the 
tJorets, ligulate and tubular, indicate a near relation alsd to Lobeliacese 
and (.'^ainpanulaceaj, wluTein, however, the flowers are not only large and 
scattered, but the ovaries have more than one cell, with many seeds in 
each cell. 

I'he subdivisions of this Order are differently given by different authors. 
The Orders of the Linnean Class Syngeneaia, corresponding to Compositae, 
are given in the Table of the Idnnean Classification (page 185). Tubuli- 
florce, as abov»‘ given, include the CorjnnhifetJB of some authors, in which 
the .style of the perfect flowers is not swollen below the stigma, and the 
Cynarejo, where the outer florets are often neuter and the style is swollen 
below the stigiiuis. The tribes of the Compositaj usually accepted are 
those established by l)e Candolle on the condition of the style and its 
stigniatic lobes. Tlie characters of the genera are chiefly derived from 
the conditions of the involucre, the cypselous fruit, and the pappus. 

Distribution. — The species of this Order are more numerous than those 
of any other family, and are universally' distributed, forming oue-eighth of 
tlie Phanerogamia of Central Europe; the Tnhuliflorc^ are most abundant 
in hot climates, the Cichoracecf in cold. The LahiaUefiorce belong almost 
entirely to extratropical South America. Li the Kortheiii hemisphere 
the Coiupositiu are all herbaceous; in South Ameriea and some other 
parts of the southern hemisphere they are sometimes shnubby. 

Qualities and Uses. — ^The plants of this Order are not generally charac- 
terized by any very powerful properties: bitterness is the prevailing 
quality, accompaniea by aromatic secretions in the VorymhiferfV^ and by a 
special lactescent juice in the Ctchoraceeey which often contains a more or 
less active narcotic principle. 

Among Cvrymhifer<B may be noticed a number of ffenera possessing 
considerable importance. The ArfemmtB^ or Wormwoods, are numerous ; 
A, Ahsintkium and pmvtica are Wormwo ods projjer, and with some other 
species are used not only as anthefiSintics, aa their name indicates, but for 
prenaring the bitter liqueurs called Absinthe or Wemiuth ; A* Dracunetdus 
18 the Tarragon, the leaves^of which ore usfed in salads and pickles ; A^ 
AhrotamiVfiX^ Garden Southernwood, used also for its bitter flavour. Most 
of the other species have similar properties j the flower^he^sof A, Cbn^ra, 
Steheri, panctfiora^ Vahliana^ &c. are known on the Continent, under the 
name of Semen Cinm or Semen Oontra, as powerful vermifuges. * c^i- 
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nen&is furnishes ^foxa. Anthenm nohilis^ the Camomile, ilatricana 
Chanwmilhf and I)/rethnrm Parthenium are valuec^ for aromatic bitter 
^dTonic properties*; "the 'species of Achillea are astiingent, or in some 
cases pungent, which is still more the case with Anacydus Pyrdhrutn, 
called Pellitory of Spain, and A. offidnanmu the dried roots of which 
provoke an active flow of saliva, and are used as a remedy for toothache : 
in a fresh state these roots are acrid ; and this is still more the case with 
Maruta firiitht, Armca ywutanay a plant of the mountains of (Central 
Europe, is uarcotic-acrKTand poisonous, except in small doses ; its tinc- 
ture nas a powerful influence in exciting tlie circulation beneath the 
skin without producing vesication. Doroniaim Panlalianches is said to 
have similar properties, as also some specie&H)f Inuht ; hmla Ildrmum, 
however, is merely aromatic and- tonic ; it is known under the name of 
Elecampane. 

Some species of Eupatoriuyn^ including our native E. cannahimnn, are 
emetic and purgative ; E. Ayapana (Brazil) has a repubition as a local 
and internal application for snake-bites. ^latico is said to be obtaim'd 
from E. fflutinoiiKmj though most of it is the produce of Adauthe elonyatHy 
a Piperaceous plant ; its leaves are used as a styptic. 

The seeds of some of the Corymbifcne contain much fixed oil. Tin* 
seeds of the Sunflower {HdiaiUhns annum) are well known on this 
account; and Madia ((’hili) has ])econn‘ an ohji'ct of cultivation in 

France and Gemianv for the sake of the oil expressed from its s»*ods, its 
^G)il-cake'’ being also valuable for cattle. Tne evsculent tu])er? called 
Jerusalem or Giramh Artichokes are furnished by Ildianthui tuhcrosu'i ; 
the analogous tulxn*s of tln'^ Dahlia (Dahlia cariabilis) are not a\ailahle in 
this way on account of a strong and unpleasant flavour whicli exists in 
them. Tumlayo Farfatvif or ( Ndtsfoot, which is mucilaginous and bitter, 
was formerly in repute for affections of the chest. 

‘ Tlie Cynarece, or tliistle-like (^ompositm, are eqmilly varital in the 
concentration of thtdr qualities. The root of Carlina acauh'H is said to be 
a violent purgative, and that of C. yummifrra is known as an anthelmintic. 
The Burdock (Arctium Lappn)^ the Mjmj^ld ( (\ilvndula ojficiunlis)^ Cvn- 
taurea Calcitrapa, and other allied plants wt‘re formerly esteemed as febri- 
fuges, diuretics, atjid alteratives, hat have* gone out of use. The C.'ostus, 
celebrated by t}ie ancients for its virtue*.?, is supposed to he the root of 
Aurklandia Costufi (Chishniere^. Carfhamus fiurforiu-'f^ Safllower, U usj^d 
in dyeing and in th(? manufacture f>f true rouge ; the flowers of Cakudula 
officinalis are used to adulterate Saffron. Srrratula tincfurin i.s also us(*d. 
in dyeing yellow and g-reeii. The* ( Bobe .Vrtichoko is the fleshy receptacle, 
with its bracts, of Cynara Sndyuiu.'> ; Carduoiis are the blanched steins 
and petioles of Cynara Cardunculus, 

The Lahiatrpjlorce are soinetime.s aromatic, bitter, or mucilaginous. The 
leaves of Printzia aromatioa-five used a.saTea at the (Aipe of Good Tfopo; 
those of Anandria discoidea art? u.sed by tlie Cbinose as the Coltsfoot is in 
Europe. V 

The Cichoracef^dix^Q .%vcraK plants of note: the difhirent kinds of 
Lettuce, L dctma mrosuy ScarioUt^ sqtira (the Garden I.»ettiico)> contain a 
milky juiceVhicKEas narcotic propt^rtlcs; wditm evaporatctl to dryness it 
forma a'kliid of gum, called by aniggi.st.s Lactiicarium, which is occasion- 
ally uaed aa.a sedative. The Garden Lettuce loses much of its bitterness, 
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and, at the same time, of its narcotic properties, in cultivation. The 
Dandelion, Leontofloj{ Tar(uamm(ot Taraxacum Dens Lemis), has also a 
milky juice, which is valued lor its medicinal properties as a diuretic and* 
alterative, with some sedative qualities ; its roots, and still more those of 
Cliicory or Succory ( Cichorium lntyhus\ are used, roasted, to* adulterate 
collee. Besides the JiCttuce we have other esculent vegfetables in this 
Suborder; Cichorium Endirium furnishes the Salad Endive (blanched by 
exclusion of lifrht) ; Scorzonera is the root of Scorzonera hUpanica, other 
spiu'ies of wliich are uschI in like iiianiier in dilferont countries j Salsafy 
is tile root of Tratjopoffon porri/oliusy or Goat’s-beard. 

The Gonipositio include a vast number of cultivated plants. The Dahlia 
(J). niriahitis), the ChrysanthemLiin (Pifrethnim sinemcy indicum)^ the 
(Mnerarias {Henccio vruentay Tussiluf/inisy JIcriticri), tlm China Aster (Ca/- 
iistemma hortmsc) are llorist’s flowers remarkable for the number and 
beauty of their varieties. The Kverlastinjr- flowers, or ImmoHelles^ are 
mostly species of Gtiophaliumy toij^ether with HelichrpKum, Aphelexis^ &C. 
Our native 'fliistles are species of CarduuSy Onupordmuy &c. 


OUDKK T.XXXVI. LOBELIACE.E. 

Chm. Cainpaiiuliiim, EndL ^lU. Campanales, Lindl Coh. Campanales, 

♦ Benth. et Hook, 

•t M. Diupnom. — Herbs or shrubs with a milky juice, alteraate le.aves, 
and scattered tlowers; C(To]la irre^ndar, epifryuiuis, monopetaloiis, split 
down to the base on on*, side: tlie o stamens. free from the corolla and 
uiiit(‘d into a tula*, often by llieir filaments, and always by their anthers; 
ovary iiif<*rior, l -l-celled ; styh* 1; stipfiiia 2-lipped, surrounded by a 
fringe of hairs; seeds numerous, albuiuiuous. 

I r.Lr STRATIVE ENEIIA . 

Lob<*li{i, L. I Siphocampvlus, Pohl, 

Afianlties, — The reliui»>ns of this Onler to (’ompositm are close, as is 
seen when we com])are tlie' flowers with ligulale. florets of the Cichoraciue: 
tin* structure of tin* ovary, however, as w**il a^? of the intloivseeiice, divides 
them. With ('^impaiiulaeea* they are comieeted through the tubular 
florets (',f Composite, which resemble tht* tlowers *d' Campaiuilacea*. except 
in the structure of tlie «)V ary, which brings the (him]>anulacoa* still nearer 
to 1 iobeliac(‘fe. The fringe, round the stigniia is analogous to tin* hairs of 
the style of Caiupanulacem, and perhaps also to tin* iiuliisiiun of Goode- 
niaci‘te. Some Lobeliaceic have their petals distinct. 

Distribution;-— A rather large Order, the members of wliich tire chiefly 
distributed throughout tropical and subtropical regions. 

Qualities ana Uses. — Tin* milky juice is acro-narcotic ; the species of 
Lobelia are more or h^ss poisonous,q)roducing eflects analogous to those of 
'fobacco. Ijohclia injlata is discd in small doses for spasmodic astlima; it 
acts sometimes as an femetic, but produces gl^*at depression of the pulse, 

O dration, and, in large doses, death. !Most of the species art* a<.uid when 
; L, urens produces vesication of the skin. ' Tupa FmiUci (Chili) yields 
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a violent poison. Isotonia longiflivta is vesicatory, and; taken internally; 
produces death from violent and uncontrollable purging. The milky 
« juices contain Caoutchouc. Many species of Lobelia and Siphocampyhls 
are cultivated for their showy flowers. 

(Goodeniaceje constitute an Order of plants allied to the Lobeliaceie, 
the Stvlidiace?e; and the Campanulaceoe, out especially distinguished by 
the remarkable structure of the upper part of the style, which is expanded 
into a kind of cup or purse, concealing within it the stigiuatic surface, and 
closing over the pollen after fertilization. Most of the Ooudeniaceie are 
Australian and Polynesian; a Scfpvola occurs in North-western India and 
in Africa ; another genus, St^llierttf is South-American. Their properties 
are unimportant. Leschemmltia formosa, ccptnilea, and other species tire 
cultivatea on account of the beauty of their flowers.) 

(Brunoxtace.®, consisting of two species of Branwnh, Australian plants, 
agree with t Toodeniaceie in the structim? of the style, but are sometimes 
separated from them on account of the superior position of the ovary. 
Their capitulous inflorescence approaches that of Composita?. They have 
no knowm properties.) 

(Stylidtace.e constitute a small Order of plants related to theOoode- 
niaceje and the (’ampanuiaceic, but are distinguished by and remarkable for 
the gynaudrous structure of tlie flowers, the tilaments being adherent to 
the style into a column sunnounhMi by the anthers Vhich overlie the 
stigma. This column e.xhibits the irritability met with here and lliere in 
Flowering Plants ; in Sli/lidiifm it hangs over on one side of tlie flower ; 
but when touched it rises up and* springs over to the opposite sidt*, at 
the same time opening its antners and scattering the pollen. The Sfi/lifh'a 
are chiefly from Australia ; a few others are scattered in the Ktist Indies ; 
the Forsterie belong to New Zealand and the Straits of .Magellan. They 
have no known properties.) 


Order LXXXVII. CAMPANULxVCILE. Bell-flowers. 

Class, Campanulinse, Endl. AIL Campanalos, LindL Coh. Campanales, 
Benth. et Jlook, 

445. Biarj'mm , — Herbs with a milky juice, alternate leaves, and 
mostly scattered flowers; calyx adherent to the ovary; corolla 
regular, epigjmous, bell-shaped, valvate in testivation ; stamens 5, 
free from the corolla, mostly distinct or coherent just below the base 
of the distinct anthers; ovary 2-5-celled ; style 1, hairy; stigma 
simple or lobed ; capsule raany-sceded, dehiscent by lateral orifices 
or valves at the top ; seeds with fleshy albumen. 

Illustbativts Genera. 

Jasione; L, I Phyteuma; L, 

PrismatocarpuS; A. DC, | Campanula^ L, 
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Afftnltics.— The Campaniilaceae have many points of agreement with 
the (yoinpositje, the lowers resembling the tubular florets of that Order 
in the corolla, inferior position of the ovary, and number and position of 
the stamens j but the anthers are distinct or only united at the base, and 
the ovary is more than 1 -celled, and contains many seeds; in Jastone and 
Vhytemna the flowers are in capitula, almost like those of Compositse. 
Th<‘y are only separated from Lobeliacem by the regularity of their 
flowers, the globular (not elliptical) pollen-grams, and the peculiar hairs 
of th(* style ; which points of structure likt^wi.se s(iparate them from Goo- 
deiiiaceie and Stylidiaceie. On the other hand they approach Vacdnieaey 
from which they dider in the number of the stamens and their porous 
dchisccmce, the style, and the habit. 

Distribution. — A large Ol der, the members of which belong mostly to 
tli(‘ temperate* parts of tlie KortJiem hemisphere. 

Qualities and Uses. — The milky juice has properties analogous to that 
of tin* (hmiposita*, and is sometimes rather acrid ; but the young roots and 
shoots, especially wlien cultivated, often edible ; Kampions are the 
\oQ\9, Vunqumnla liapunculmx Specularia Spiculuni and other species 
have been used in salads. The CantpamtUn^y commonly known as Canter- 
bury Hells, Hair-bells, Ac., are numerous in cultivation ; and other genera 
have also handsome flowers. 


OiiDEii LXXXVIIL EllICACE.li:. The Heath Order. 

Class, Hicornos, Endl. All, Ericales, Limll. Coh, Ericales, Beivfh. ct 

Hook, 


Fig. ;}88. 


Fig.m 


4d0. Diarfnosis. — Shrubs, or sometimes herbs, with regular or 
iK'arly regular flowers ; corolla gaino- or 
polypetal(-as, hyjiogyiums or e])igynous 
( VffC('lrnaf^) : stamens as many, or twice 
as many as the petals of the 4~;>-lobed or 
4- o-petalous corolla, free frtun tlu* corolla, 
hY])ogyiums or opigynous ; anthers 2- 
celled, commonly with appendages, and 
ojKuiing by terminal chinks or |K)res 
(tigs. 388, 385)); style 1 ; ovarv’ 3-10- 
celled; seeds small, ariatropous; embr}*o 
small or minute, in fleshy albumen. 



Fip. Flovri'f of FnVxi. 

Fip. Stamen of KWwr, 

Fig. 3S9. Stamen of raccfwfwm. 


The Ericacom are divisible into four 
very distinct Suborders, which arc some- 
times ranked as Orders. 

1. Vaccinie^. Shrubby, or more or loss woody herbs, with an 
adherent calyx, monopetalous epigymous corolla, epigy nous stamens, 
2-partcd authors opening by pores, containing 4-nat6 pollen-grains ; 
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the inferior ovary becoming a berry surmounted by the teeth of the 
calyx. 

^ 2. Ericixe j;. Shrubs or small trees, with a free calyx ; a mouo- 
petalous or polypetfilous corolla springing with the stamens from 
the receptacle ; anthers opening by pores. 

3. Pi'ROLE.E. Woody herbs with evergreen foliage ; calyx free ; 
corolla of 5 distinct hypogynous petals ; stamens hypogynous ; 
anthers porous ; seeds with a loose cellular testa and minute 
nucleus. 

4. Moxotropeje. Fleshy herbs with scale-like leaves, destitute 
of green colour ; calyx free ; corolla mono- or polypotalous ; stamens 
hypogynous ; pollen simple. 


Illustrative Genera. 

1. Vagciniejs. 

Oxycocciis, Tournef. | Vaccinium, Z. 


2. Euicineje. 


Tribe 1. ERICKJE. Fruit loculi- 
cidaU rarely ^epticidal or baccate; 
Inida naked. 

Erica, Z. 

Andromeda, Z. . 

Arbutus, Tournef, 
Arctostuphylos, Adani<. 


I 

I 


Tribe 2. itiiODODENDREiK. Fruit 
capsular j septicidnl ; buds scaly ^ cone- 
like. 

Azalea, Z. 

Rhododendron, Z. 

Ledum, Z. 


3. Pyrole.e. 

Chimaphila, Pursh. | Pyrola, Tournef, 


4. Monotropk^e. 

Monotropa, Nutt. | ISchweinitziu, Ell. | l^terospora, Nutt. 


AfSnitlefli — The Suborders brought together under this head are con- 
nected by the general plan of structun^ ; hut th j details are subject to 
wide variation, ik^ only including mouopotalous and polypetalous con- 
ditions, but even hypogyaojis and epigynoii.s. Hy many authors these sub- 
divisions are ranked a.s distinct Ord»*rs. Tlie Vucciniea*^ with thtnr 
inferior ovary, stand, if separated, arinnig the epigynous Galycifloral 
Orders, near Canipanulacere or Cincihonaceie ; consernHuitly tlit»y form a 
connecting link between tin; ’alvei Horals and Coi’oHitlorals, iiidh'ating 
the artificiality of this division; they even appear iviated to the perigy- 
nous Calycidorals by Escalloniem in Saxifragaceie. The Ericinerc ditler 
from the Vaccinieee principally in the superior ovaiv and hypogynous 
corolla; and the stamens are h»;re‘ m*arly it not quite hypogynous, which, 
with the many-celled ovary, divides them from Gentfanacem and allied 
Orders. The Ericinece are uf'arlv allied to the Epacridaconj ; but those 
have 1-celled anthers. The Pyrolem have the sepals and petals more or 
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less distinct, are more herbaceous in habit than the foregoing, and their 
seeds are remarkably ditlerent ; P. aphyUa, a plant devoid of green colour, 
and wth loaf-scales in place of leaves, connects this Suborder with M(mo-^ 
tropece, wliich, however, ditfer in the dehiscence of the anthers, and in 
having the minute embryo at the apex instead of the base of -the fleshy 
albumen. Some doubt exists whether the last Suborder are really para- 
sitical plants : they grow among the fibrils of the roots of trees, and have 
all the app(‘arance of parasites, but, with Ihicliartre, we have never been 
abl(‘, to see any union in Monotropa, In the cdiaracter of habit they re- 
siunblo ( )robanchacea? ; but we do not consider this a strong sign of 
alfinity in Flowtuing plants. 

DistHbution. — A large Order, the members of which are generallv diffused 
ill temperatii climates over heathy and boggy tracts, in suhafpine and 
alpine localities, all over tlie world — the lUwdtntendm especially in India, 
and the livfaruc in South America, llemarkably abundant at the Capo 
of ( food Hope. 

Qualities and Uses. — The general character is astringency. The fruits of 
various Varciniea^ and IJnare arc edible — as Omjvuccus piduatrli and 0. 
macroau'pa (tin* European and Nortli- American Cranberries), Vttccinium 
MijrtiUnfi (the Bilberry), V. Vitls-Idcm (the Red Whortleberry), and F. 
uUffiuomm (the Blaek Wliortleb(UTv). Oau/fhena procnmhens, G. Impida 
Ct'asniauia), &c. But t)tlu‘rs are dangerous or even narcotic poisons, and 
this ('xtenils t(^ the foliage of such kinds, especially species of Bhodo^ 
drndron^ Aztdea^ Audroiiwda^ Kidiniuj Ac. Eva-Ursi leaves, H 
loH Vvd-Vrsiy an* niixtid with Tobacco by tin* North- American Indians, 
and are esteemed as astringents; those of some Pijndece^m Chimaphila 
‘ffmhf/l(d<t^ American Winteigreen, afe used as diuretics. Oil of Winter- 
gret‘n, known as an antispasmodic agent, and used in perfumery, is 
obtained from the fruit of (Jaidthena proctnnhms. A vast inimber of 
specie's of PV/cu, llhododfmdnm^ Azidva, Ac., with numerous varieties and 
hybrids, are objects of cultivation on account^ of the peculiarity and 
beauty of their flowers. They espirially constitute what are "called 

American Plants ” by gardeners, the American Itlmiudvndray Az(decpj and 
Kdh/uWj Ac. being those which first strongly occupied the attention of 
florists. Some of the East- Indian Rhodmlvnilra are epiphytes. 

(hh*ACRii)ArK/T-: are clos(*ly relat<*d to l^hncaeea^, but are distinguished 
by the one-celled anthers opening by a chink; the filaments are also 
commonly adherent to the corolla. The Order is coniiuoulv divided into 
two Tribes : 1. Styphelieie, with one ovule in each cell of the ovary, and 
fleshy fruits ; aud 2. Kpaerea*. with numerous ovules in each cell of the 
ovary, and capsular fruit. Tliey are peculiar to Australia, the Indian 
archipelago, and tlie South-St*a Islands, occurnng in great abundance, in 
tlie same way as the Ericnr do at the Capj of Good Hope, They do not 
appear to possess any active propbities: many of them bear succulent 
berries ; and some of them are eaten, as, tliose of Lmanthe. mpida. Astro- 
loma humifimwiy the Tasmanian CranWry, Ac. Many of the Epacri- 
dacese are in cultivation on account of the beauty of their flowers.) 
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.Order LXXXIX. OLEACEiE. The Olive and Ash Order. 


Ciass, Contortfe, Undl. All Solanales, Lindl» Coh, Jasininales, 
Jienih et. Hook, 


447. Diagnosis , — Trees or slirubs with 
opposite and pinnate or simple leaves; 
flowed T^’ith a 4-clet‘t (or sometimes ob- 
solete) calyx a regular 4-cleft or nearly 
or quite 4-divided, hypogynous corolla, 
the lobes of which are valvate in the bud, 
or sometimes apetalous;' stamens 2-4, 
mostly 2, and fewer than the lobes of the 
corolla (tigs. 390, 391 ) ; ovary 2-celled, 
with 2 suspended ovules in each cell; 
firuit fleshy or capsular, often 1-seedetl 
by abortion ; seeds with abundant fleshy 
albumen ; radicle superior. 


Fig. 390. Fig. 391. 



Fig. 390. Dia^m of flower of Lilac 
(syrifuja): x, bract; a, a, 
bracteoles. 

Fig. 391. Flower of Fraxinxix, 


Illustrative Gkxera. 


Tribe 1. Olfjs. Fruit Jlcshy, 
Olea, Tounief, 

Phillyrea, fournef, 
Ligustrum, Tournef, 


Tribe 2. Fii.\xixe/E. Fruit dnj^ 
sometime!^ mmarokl 
Fraxinus, Tournef, 

Ornus, Perr, 

Syringa, L, 


AfBnltlefk — The relations of this Order are rather obscure. Some authors 
connect them with the Jasniinjicom ; but although .‘^ome of the genera 
approach that Order in structure, they appear to be distinct in tlieir 
valvate corolla, adnate (dorsitix«?d) anUi(*rs, pendulous ovules, and the 
nature of the albumen. The 8alvH<loniee;e are also to be regarded as a 
neighbouring family. Lindley thinks the Ord(U’ allied to Solanaeeje. 

Distribution. — A small Order, the members of which are chifdly foimd 
in temperate climates. 

Qualities and Uses. — The most important plant of the Order is the 
Olive (()lea europcBu), vso largely cultivaif-d for the bland oil expressed 
from the fleshy pericarps. Ornus europfra^ O. rotundifolia, and Fraxinus 
excelsior have a sweet juice which harden.^ into the subslanee called 
Manna. Fraxinus excelsior is the coinmrai Ash-tree, so valuable for its 
tough wood; it only produces Manna in a u-armer climate than Uritain; 
its Dark, as well a.s that of the Olive and the tjarden Lilac {Syrinijn vul^ 
paru)j has decided febrifuge /qualities. The biavfs of the Ash act like 
senna. The flowers of Olea frayrans are us«*d in Chiria to flavour Tea. 

This Order contains several of the commonest flowering shrubs of our 
gardens, the Lilac {Syrmya)^ Privet {IjiyHstrum)^ PhillyreUf Chionan- 
thus, &c. 
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Order XC. JASMINACEjE. The Jasmine Order. 

Class. Contortac, Endl. All. Echiales, Lindl. Coh. Jasminales, 
Benth, et Hook, 

448. DiaffnostH, — Shrubs, often with twining stems; leaves opposite or 
alternate, mostly compound ; calyx and corolla hypogynous, 5-S-parted, 
corolla imbricated in the bud; stamens 2, projecting from the tube of 
the corolla ; ovaiy superior, 2-lobed, 2-celled, with 1-4 erect ovules in 
each cell ; fruit a berry or capsule ; seeds with little or no albumen. 

Illustrative Genera. 

Jasminum, L, | Nyctanthes, Jms, 

AfBinltlea. — This ()rd(T is distinguished from the Oleacefe by the im- 
bricated estivation of the corolla, the erect ovules, and the small quantity 
of albumen in the seeds, besides the number of the organs in the floral 
envelopes, which is seldom a multiple of the stanums : most authors place 
it near 01eacea\ others near Apocvnaceaj and Ebenaceas ; but Lindley 
thinks it has little connexion with them and really approaches more 
closely to Verbonacoa\ 

Distribution. — I’lu* Order is not very extensive; the major part of the 
plants are East-lndian ; a feur occur scattered, two even in South Europe. 

Qualities and Uses. — The h‘av<‘S and roots appear to possess a certain 
acridity ; hut the most remarkabh^ quality is the fragrance of the flowers 
of many kinds, from the prt'-^ence of a volatile oil. Jasminmn officinale^ 
J. (framlijlontm^ and .7. Samhac especially yield this. Xi/rtantlwfi Arbor 
tristiA i.s al.«o exce(*dingly fragrant, but in the night-time only; its 
corollas yield an orange dye. 

(CoLUMELLiArE^, Consist of a few species of Mexican or Peruvian 
]dnnts, whicli ha\e been s^mposed to approach Jasminaceae, or still more 
closely to Gesneracea? and Kubiacea* ; but their structure is not well made 
out. They have an adherent calyx, ejugynous corolla, two stamens with 
sinuous anthers, luid an iiift-rior 2-celled ovary with numerous ovules. 
Seeds albuminous ; embryo minute. 

(Salvadoracejk are a small Order of shrubs or small trees with oppo- 
site leathery loaves, panicled small flowers; calyx, corolla, and stamens 
4-meroiis, hVpogynous; ovary superior, 1 -celled ; stigma sessile; ovule 1, 
erect ; fmit fleshy, 1 -seeded, and the seed without albumen. It is related 
by its 4-nar}" structure to Oleacea^ and to J^^antaginaoocT. having a mem- 
branous corolla like the lost ; also resembling Plumbaginoceae in habit. 
The species are found in India, Asia Minor, and North Africa. The most 
important is Salvadora persicaf supposed to be the Mustard-tree of the 
Bible, its fleshy fruit having an aromatic odour and tasting like garden- 
cress. The bark of its root is used in India as a vesicatory. The leaves 
of S, indica arc purgative.) 
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ObdeuXCI. PLANTAGINACE^. 

t 

Class. Phimbagines, JEndl. All. Cortusales, ZindL Coh. Plantagiiiales, 
lienth. et Hook. 

449. Diagnosis . — Chiefly herbs with undeveloped stems and tufts of 
leaves spreading more or h‘ss on the ground ; flowers spiked, regular, 4- 
lueroiis, the 4 stamens attached to the tube of the hypogynous dry and 
membranous monopefalous corolla, alternating with its lobes ; the fila- 
ments long and slender, and the anthers versatile j ovtuw simple, but 
spuriously 2- or 4-celled by temporary adherence of tlie angles of the free 
central placenta to the walls ; ovules 1, 2, or numerous, peltate j style 
and stigma simple, the latter rarely cleft ; capsule membranous, dehis- 
cence circumscissile j seeds 1, 2, or many, albuminous; the testa mucila- 
ginous. 

Illustrativk Gknera. 

Litturella, L. ) Plantago, H 

Affinities. — This Order appears to find its nearest relatives in Plum- 
baginaceie and Pninulaceie, from which, however, the position of tligc 
stamens, alternating with the lobes of the corolla, distinguishes it, in 
addition to other characters noticed under those Orders. The supposed 
affinity to Amaranthaceio and Chenopodiaccre does not appear well made 
out. In Littorella there is a tendency to abortion in one or other set of 
essential organs, producing a diclinous condition. 

Distribution. — A not very extensive group, the species of wliicli are 
generally diffused, but most abundant in temperate climates. 

Qualities and Uses. — The foliage is slightly bitter and astring-ent, hut 
the plants are not now regardeil on this account. The .seeds of many 
species of Plantago, such a.s P. Psgllium^ arcnaria, Cgnops, &c., were, 
much used formerly on the Continent, under the name of Semen P.syllii 
and S. Pulicarife, or Flea-seed, for making mucilaginous drinks like tho.so 
prepared from lin.seed; the spikes of the fruit of P. major are much gathered 
in the green state under the name of Plantain, for feeding caged birds. 
P. major, minor, and lanceolata, called IMantains or lload-weeds, are 
among the commonest of our weeds on road-sides, in meadows, and all 
undisturl^ed ground where the soil 'm not very light. 


Order XCII. PLUMB AGINACE^E. The Thrift Order. 

Class. Plumbagines, JEndl. AIL Cortusales, ZindL Coh, Primulales, 
Benth. et Hook. 

450. Diagnosis . — Maritime or mountain herbs or under-shrubs, often 
with undeveloped stems and clustered leaves ; flowers regular, 5-merous, 
with a plaited cal 3 rx ; the 5 8taraen,s opposite the separate petals or the 
lobes 01 the monopetalous corolla ; the free ovary l-celled^ with a solitary 
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o\^il 0 hanging from a long funiculus which arises from the base 'of the 
coll ; styles 6, rarely 3 or 4 ; fruit either utricular or dehiscent by vaWes 
above j seed with a simple testa and little albumen. 

Illustbative Genera. 

Statice, Z. | Plumbago, Tourmf, 

Affinities. — ^I'his Order is strongly characterized by the peculiar attach- 
m(;iit of its ovule : this, with the numerous styles, separates it from the 
Priinulace«3, which it approaches in the position of the stamens and some 
other points; the same characters, wdth the position of the stamens, distin- 
guish it from Plantaginaceai ; and these marks, wdth the plaited calyx, 
isolate it from all the other Corollilloral Orders, among which it claims 
a place in spite of the occasionally polypelalous or even apetalous con- 
dition. 

Distribution. — A rather large group ; some kinds are found all over the 
W’orld on the sea-shore; others are more local in similar habitats, in 
salt-marshes and in saline steppes, while others, again, belong to alpine 
regit)ns. * * 

Qualities and Uses. — Pho properties are either bitter and astringent, or 
acrid and caustic. The roots of iStativr varoUniana are pow erfully astrin- 
g(‘iit ; those of Pltwihuf/o ( uropfm, zt yJauica, scundmuy and others are very 
active blisteriiig-agents when fre.sh ; that of P. euntpmi is used dried 
a rtuuedy for toothache. P, toxicaria is said to furnish a poison in 
^lozambiuue. I’lie Garden Thrift {Annevia ndparift)^ commonly used for 
edging, lilie Box, is said to b(‘ an active diuretic : the dried lioNvers are 
used for this purpose. Small dose.s of the root of PJumhago enropaaBXQ 
said to act as aii enudic. 

The llow’crs of many of the Plumbaginaceae, especially species of <Sfa- 
//cc, are very handsome, and many are cultivated on this account. 


Order XCIII. PIllMl LACPLl^:. The Primrose Order. 

Class. Petalanthap, IhuU. All Gortusales, Lindl. Coh. Primulales, 
lienth, et Hook, 

451 . Diagnosis , — Herbs with opposite or alternate simple leaves 
and regular, perfect dowers ; the stamens as many as the lobes of Iho 
monopetalous (rarely }>olypetalous) liypogynous corolla, and attached 
opposite to them in the tube; ovary 1 -celled, with a free contnil 
])]acenta bearing several or numerous ali>umiuous seeds, a simple style, 
and a capitate stigma. , 


Character, 


Calyx 5- or rarely 4-clcft, free or half-adherent, regular, persistent. 
Corolla hypogynous, monopetalous, and the limb regularly 5-, or rarely 
4-cleft ; or more rarely composed of separate petals, or absent. 
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Stamens equal in number to the petals or lobes of the corolla and 


adherent to them; or in apctalous flowers 
* hypogrnous and altenfatiug with the 
teeth of the calyx. 

Ovary 1 -celled, with a free central pla- 
centa bearingmany ovules; style single; 
stiyrm capitate. 

Fruit : a capsule opening by valves, more 4 
rarely circumscisSile (fig. 392), many- 
seeded; seeds peltate; the embryo in ^ 

V n • Capsule of 

fleshy albumen 


Fig. 392. 



ctrcumseissil 


inamllitt oi)eiiin>; by 
issilc dehiscence. 


Illustrative Gexera. 

Primula, X. Glaux, lourm f, Anagallis, Tournef, 

Cyclamen, Tournef, | Lysimachia, Mamch, j Samolus, Tournef. 


AAiiitles. — This is an Order which stron^dy attr^ts the attention of 
Structural Botanists on account of the peculiarities and anomalies wMch 
it presents. It is one of those in which the free central placenta (§ 220) 
is most distinctly seen, forming ati expentiou to the very general ruh> of 
the placenlai^ arming from the margins of the carpels, lii the next pbic6 
the position of its 8jiamen.s opposite the petals is an exception to the rule 
of alternation of the organs of successive floral whorls, to be explained 
only by supposing an intermediate whorl of stamens to bt^ 8uppress(Hl ( in 
favour* of which is found the condition of Samolfts^ Lymnacrkia mliatfiy 
and others, where five teeth, which may be abortive stamens, alternate 
with the lobes of the corolla), or by the hypothesis of chorim ( §§ 149. lo2). 
In Samolus we have the calyx partially adherent to the ovarv. In sf)mo 
foreign genera ihe petals are either nearly or quite distinct. In Y^'icntaha 
eurape^a the lobes of the calyx, corolla, and the number of stamens vary 
from 5 to 9. In (rlanx the corolla is absent, and the calyx coloured. 

* The relations to Plumbagiiiaccse aruverv close, both iii the structure and 
the habit of many hinds, as Ixdween AmlrosmY ami sonu* Primuhr and Ar^ 
meriq^kc . ; but the solitary cwule uf that family is a distinctive character. 
TheLPrimiilacejc are still nearer to the exotic Order Myi’siiiaceie as n*gards 
the structure of the flowers; but those are trees or dirubs with berry-like 
fruits, and have minor characters of distinction noticed under that ( )rder. 
On the other hand, they approach Solaiiaecfe in habit, but differ much in 
^flxucture. 

Distribution. — A considerable family, the species of which are chiefly 
found in' temperate and ^bld parts of the NoitUem liemisphere, in alpine 
lemons or the sea-shore wdien in lower latitudes. 

Qualities and U 0 e 8 .-ii^The CoAvslip ( Pritnuln verin) and other species 
appear to possess sedative propertie.s. The Soldamdlt^ are slightly purga- 
tive. The Cyclamens have a fleshy tuber whioh is more or less acrid ; 
and Cyclamen enr^mim is said to be a drastic purgative. 

rOThe most remarkable quality is perliaps the beauty of the flowers, for 
which a great number are cultivated, especially species of PrirniUaj which 
includes the Cowslin, tlie Primrose proper (P. vulyaris), the Polyanthus, 
a garden variety of tnis, the Oxlip (JP. etatior)^ the Auricula (P, Auricula, 
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from the Alps), &c. Many dwarf species of Primula and Androaaoe are 
alpine plants,’’ as also SoldaneHa. Olaux and Samolus belong to salt- 
marshes ; Hottonia to freshwater brooks, havingjfeathery submerged leaves ;• 
the LymnachiiX mostly grow in wet places. Many of tne genera are repre- 
sented in our native flora, while Androsace, Podecatheon^ and SoldaneUa, 
which are mostly alpine plants, ai’e commonly cultivated. 

(MYBSiNACP^iE are so closely related to Primulaceas in the structure of 
the flowers that no absolute, character of distinction can be drawn there- 
Irom, since the imbedding ^bf the ovules in the placenta, general here, 
occurs in several l*riniulaceous genera, for example in Anagatlh, But the 
Myrsinacere are of shrubby or tree-like habit, and their fruit is fleshy. 
They belong chiefly to the islands of the Soutljem hemisphere ; and some 
of them are cultivated in this country as evergreen shrubs requiring pro- 
tection in winter. The seeds of some species of Tlteophrasfa andd^grstne 
are nutritious ; and the bewies of some plants of the Order are edible, 
although others are said to be cathartic.) 

(yEGiCERArK^. include a genus of plants growing on sea-shores in the 
tropics, and rooting fitun the. seed-vessels like llhizophoracea*, and con- 
sidered to form a distinct Order by some writers. Au/iccra'f difiers from 
jMyrsinaceie chiefly in having exadbuminous seeds, a follicular fruit, and 
transverse dehiscence of the anthers.) . , 

OUDEII XCIV. SAPOTACEyE. 

Class. Petalanth®, I'mll. uill. Khaniualcs, Li/idL Coh. Sapotaies, 
lienth, vi Hook. 

4*52. Diagnosis . — Trees or shrubs, mostly ’with a milky Juice; leaves 
alternate, simple and entire (often rusty-down v beneath) ; flowers si^aU, 
regular and perh'ct, usually in axillary clusti rs : calyx free and persistent ; 
the fertile stamens commonly as many as the hibes'of the short bypogy- 
noiiscondla, and opposite to them, attached to tin* tube along with one or 
more rows of app(‘udages and scales or sterile stamens ; anthers extrorse ; 
ovary 4~12-ceUed, with a single aiiatropoiis ovule in each cell; 
large, usually idbuminous. , 

Illvstrative Of.neha. 

Chrysophyllum, L. | L«omuidra, Wight. | Bassia, Kim. 

AfiOUiltles — Allied to Myrsinacea?, hut distinguished by the placentation, 
anatropal ovules, and other important chara^tters, — also to the Ebt uacea*, 
which they resemble in habit; but they have a milky juice, and w'ood 
geuerally of a soft character ; other diflereuces also exist in the perfect 
flowers, such as erect ovules, simple styles, v^c. 

Distribution. — A considerable group. Chiefly tropical : Asia, Atiica, , 
and America. ^ 

Qualities and Uses. — ^Thc plants of this Order are valuable for succu- 
lent fruits, febrifuge bark, oleogriious secretions, and peculiar guni-reaina ia 



812 


smspuxic BOTAmr. 

' the milky juices. Of the fruits, the Sapodilla Plum (Achras Sapofa)^ 
the Marmalade (A, niammosa)^ the Star-apple (ChvysophyNum Caimto)j 
tad the Surinam IVledlar {Mtmmops Blmgi) are the most noted. *The 
bark of various species of Achras has been used as a substitute for Cin- 
chona. The fruits of Bnssia hdyraeea and B. longifolia yield a butti^r- 
like oil, largely used in India ; another species in Africa is said to yield 
the Shea or Galain butter mentioned by travellers. Isonandra Gidta is 
the tree from which Gutta Percha is obtained, by evaporating the milky 
juice. 


Order XCV. EBENACEiE. The Ebony Order. 


• Class^ Petalanthfo, Endl All Gentianales, Lmdl Coh, Sapotales, 
Benth. et Hooh 


4f)3. Diagnosis. — Trees or shrubs with alternate entire leaves, without 
milky juice ; llowers regular, polygamous, with the calyx free from llie 
3-12-celled ovary ; the stamens twice or four times as ipany as the lobes 
of the corolla, often in pairs before them ; anthers introrse ; fruit a several- 
celled berry ; ovules 1 or 2, suspended from the summit of each cell j 
seeds lar^Cj, albuminous ; radicle superior. 

Illustrative Genera. 

Royena, L. | Diospyros, L. 


Affinities. — The Ebenaceae are distinguished from the Sapotacere by 
several important characters noted under lliat Order ; on the other liand, 
thev approach the Aquifuliacem in many points, but are separated by 
their strongly coherent lloral envelopes, usually numerous stamens, and 
twin ovules, kc. To the Oleacete they kre allied by the placentatioii and 
other points ; but the alternate leaves, more numerous stamens, and com- 
monly diclinous flowers afford veiy marked distinctions. The Styra- 
cacese are also very near to this Order, but frequently have an adherent 
calyx, petals less coherent, and a simple style with a capitate stigma. 

Distribution. — A considerable group, the members of which are dis- 
tributed mpstly in tropical India, but a few are scattered elsewhere. 

Qualities and Uses. — The principal property which has bean noted in 
these plants is astringency; but they are better known and far more 
important on account of their hard and dark-coloured wood, the lu‘art- 
wood of many species of Diospyros constituting Ebony ; D. Ehenm yields 
it in Mauritius ; D. Mdnnoxylon on the Coromandel coast ; D. Ehvnaster 
is the bastard Ebony of Ceyon ; and D. hirsiUa has a vari(igated wood 
called CqjAJR^^-i^der. Other spexjif'S are also used. D. virginianay a North- 
^ American specids, bears the fruit called Persimmon llate-pluiu, which 
'k astringent when ripe, hut is eaten after it* has been affected by frost. 
Dfo^fgros Loios (Europe) and D. Kaki (China) have also edible fruit. 
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^Obder XCVI. AQUIEOLIACEJE or ILICACE^. 

The Holly Order. 

Class. Frangulace®, Endl. All. Gentiaiiales, Lindl. Coh. OlacinaleS; 

B&iUh. et Hook. 

454. Diagnosis. — Trees or shrubs, with small axillary 4~6-merous 
flowers, sometimes diclinous by abortion ; a minute corolla free from the 
• 4^-celled ovary and the 4~0-seed€wi berry ; the stamens as many as the 
divisions of the almost or quite divided -^G-petalous corolla, alternate 
with them, attached to the ver^ base ; ovary ii-G-celled ; cells with 
1 ovule j stigma almost sessile, l^ed ; fruit succulent, with 2-G-stones ; 
seeds suspended, with copious fleshy albumen ; radicle superior. 

Illusthative Genera. 

Ilex, L. I Prinos, L. 

Affinities. — The affinities of Aquifoliaccm to Ebenacea3 and Sapotaceae 
liave been noticed under those Orders. Some authors consider them re- 
lated to lihamnaceaj or Oelaatraceie ; but their monopetalous corolla, 
want of disk, straight embryo, and their relations to Ebenaceae, as well 
as the difference in- the ovary and seeds, remove them from the immediate 
neiglibourhood of those Orders. On the other hand, they exhibit some 
approach to Loganiacem and Apocynacem. 

Distribution. — A small Order, widely scattered, but sparingly. Ilex 
Aquifoliumj the Holly, is the only European species. 

Qualities and Uses, — The bark is ordinarily astringent and tonic, and 
til at of the Common Holly is esteemed a febrifuge ; its berries produce 
emetic and purgative action j its leaves, and still more those of Ilex para^ 
gaoyensis^ called MateS or l^arnguay Tea, resemble Tea in property, as is the 
case also with Pi'inos glabra ^ a North-.\merican shrub. Other species of 
Ilex are also used for this purpose in South America. The viscid substance 
called Bird-lime is made from the bark of the Holly j and its close white 
wood is valued by cabinet-makers. 

(STYRACACKiK are remarkable among the Orders here placed near it for 
tne inconstancy of the cliaincter dependent on the adhesion of* the calyx ; 
Miers divides it into two, Syinplocaceie and Styracaceie, separated by this 
mark, and by the asstivation «f the corolla and other points. It is com- 
monly regarded as related to Ebeiiaceie among the Corollitl orals, and also 
to Aurantiacefo and Ternstrcemiaceie among the Thalamiflorals ; while 
Lindley connects it with Celastracem through Sapotaceie ; others point 
out a resemblance to Philadelphocem. • 

Distribution. — Scattered sparingly in the warm regions of Asia and 
America. 

Qualities and Uses. — Bitter and aromatic, sometimes containing a pun- 
gent resin. Gum Benzoin is obtained from Slgrax Benzoin in the Malay 
archipelago ; Storax from St. officinale in Syria j other species yield simile 
resins. Symplocos furnislies dyes or mordTants ,* the leaves of 8. tinctoria 
(Sweet-leaf, or Horse-sugar, Korth America) are swedt, and are eaten by 

p 



8J4; STSTBMATIC B01?ANT. 

cattle. H^^ia teiraptera^ another North- American plant, is called the 
Sno\ydrop-tree, on account of its numerpus white hell-shaped blossoms.) 

(Olacace^ are an Order of tropical trees and shrubs, apparently nearly 
related to Santalacese, but have distinct petals and a fi*ee ovary ; they 
have the stamens opposite the petals. Icacinaceje, separated from the 
preceding b^ Miers, have the stamens alternate with the petals. In both 
tlie iestivation of the petals is valvate ; while CYiaLLACEJE, a group of 
North- American shrubs, have imbricated petals. Hum mi ace je are tro- 
pical American trei^s or shrubs with balsamic juice, and moiiadelplious 
stamens having an enlarged deshy connective ; they appear to be related 
to the 01acacea3, wjiiile, on the other hand, they have affinities with tlie 
Styracaceaj and with the Aurantiacem. The systematic position of all 
these groups is at present unsettled, ns is also that of Caneluaceji:, a 
little group of plants connected with Ciiisiaceie by some authors, by others 
with Olacaceie and their allies.) 


Order XCVII. LOGANIACE/E. 

Class. Contortae, EndL All. Gentinnnles, LtmlL Coh. Gentianales, 
JBenth. et Jlook, 

4f5o. Diagnosis. — Shrubs or herbs with opposite leaves and interposed 
stipules sometimes reduced to an elevatecl line or a ridge ; calyx 4--r>- 
cleft ; corolla hypogynous, monopet alous, regular, 4-, 5-, or 10-cleft, val- 
vate or omtorted or .imbricated in iestivation ; stamens inserted on the 
corolla; ovary superior, usually 2-celled; style divided above into as 
many lobes as the cells of the ovary ; ovules numerous or solitary ; fruit 
capsular, 2-celled, with the placentas finally detached, drupaceous, with 
1- or 2-seeded stones, or baccate with the seeds immersed in pulp ; seeds 
with a straight embryo in fleshy or cartilaginous albumen, sometimes 
winged, mostly peltate. 

iLLUSTRAxm^ Gp:nera. 

Usteria, Willd. Logania, R, Br. StiychnoB, L. 

Spigelia, L. Fagnca, Thmd}. 

Aflinitles. — This Order was formerly associated with Apocj^acete and 
the neighbouring Orders ; but, as remarked by Bentham, it consists, on the 
whole, of Kubiaceie with a free ovary, at the same time approaching, by 
certain of its diverse forms, some of the genera of several of tne Corollifloral 
Orders even more nearly than the general mass approach llubiaceee. To 
Apocynaceae, which are v(^ry nbar in general structure, some genera, such as 
Geniostomaf which has contorted jestivation of the corolla, and MUrasacme^ 
where the carpels are partially distinct below a^id unit» d above, approach 
very closely ; Mitrasaerne and Mitreola were formerly arranged as doubtful 
GeHtialiacea), and Fagrma and Boiulia approach still more nearly, the 
former j|;reatly resembling Lisianthvs in character, while Buddleia and its 
allies have been referred to Scrophulariacem until lately, hut are brought 
into this Older by Bentham^ since they cannot be separated from Logania. 
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The main difference from Apocynace® lies in the stipules j bnt these are 
sometimes reduced tu a mere line connecting the leavea: the peculiar , 
stigma of that Order afibrds another means of separating them ; , a.nd the 
Apocyiiaceao often have hypogynous glands, which the Loganiace® have 
not. From Gentianace® the distinction lies generally in the stipules and 
the axile placentation ; occasionally the succulent condition of the fruit 
is required as a decisive mark. From the Scrophularioce® the stipules, 
the regular corolla, the agreement of the number of stamens and lobes of 
the corolla, and quincuncial aestivation divide Loganiace® in most cases ; 
and although that ®stivation and the regular corolla occur sometimes in 
the former Order, there are then usually alternate leaves and no stipules. 
As observ(‘d by Bentham, this is hardly so much a Natural Order as a 
receptacle for anomalous forms of several really ntitural groups, Kubiace®, 
Apocyiuice®, Gentianace®, &c. 

Distribution. — A rather large group, the species of which are chiefly 
tropical, but some are found in North Anuaica and Australia. 

Qualities and Uses. — The plants belonging to this Order have mostly 
powerful poisonous properties, in particular the genus Sh'yehnos. S, 
Nux- vomica bears the seeds known by its name, so noted for the presence 
of IStr}'cliTiia. S. toxifera is said to furnish the active ingredient of the 
celebrated Woorali poison of Guiana. S. cogem is likewise used to poison 
arrows in Central Aiuerica. S, Tieute (the bark of the root) yields the 
Java poison called Cpas Tieute. Many seem to be fi*ee from strychnia as 
regards the bark ; for that of S. Vseudoquiua is used as a substitute for 
(viiicliona in Brazil, that of S. Nujr-t'omica also, and llie wood of S, Ugmlrinay 
caUt*d Ligjimu colubrijium. S. potatonimy au I'.ast-Indian species, is called 
the Cloaring-nnt j and it is said that, when its seeds are rubbed round in a 
vessel containing muddy wat<!r, it causes the impurities to settle. The 
sfM.*(]s from the Philippines, known as St. Ignatius’s Beans, have been 
di'scribod as the seeds of a plant called Ignatia amara ; hut Bentham has 
shown that this genus has no real existence, and that the seeds are pro- 
bably those of an unknown StrgcJmoSy perliups mtiUifloray which grows on 
those islands. He states also that much uncertainty exists as to the 
identity of the many species described by authors, such as S. cogem, ligus- 
trinay kc, Tln^ spe{ntis of Spigdia are acro-uarcotic ; S. marilandicay the 
Carolina Pink-root, and anththnia are used as vennifuges, but are 
somewhat dangerous, sometimes producing spasms and even convulsions. 
rotalia amara is bitter, acrid, and emetic. 


Order XCVIII. GENTIANACE/E. The Gentian Order. 

Class, Contort®, Endl, All, Geiitianales, Lindl, Coh, Geiitianales, 
Benth, et Hook, 

45G. Diagnosis , — Smooth herbs, with a colourless bitter juice, 
opposite and sessile leaves, mostly simple, entire, and strongly 
ribbed, without stipules ; flowers regular, with a persistent calyx, 
with stamens as many as the lobes of the usually withering-persistent 
corolla, and which are convolute (rarely imbricated, and sometimes* 
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valvate) in the bud ; ovary 1 -colled, with two parietal placentas, pro- 
tjectinj? more or less toward the centre ; the fruit mostly a 2-valved, 
septicidal, many-seeded capsule, sometimes with a fleshy pericarp ; 
seeds small ; embryo minute in the axis of fleshy albumen. 

Illustrative Genera. 

Gentians, Z. I Erythrma, Ren. I Menyanthes, Z. 

Agathotes, Don. | Chilora, Z. | Villarsia, Vent. 

Afllnities. — This ferder stands very near Apocynacea?, from which it 
differs in its placentation and completely coherent carpels, habit, want of 
milky juice, and other points. The panetal placentas distingiiisli it from 
the Scrophulariacefe and allied Orders which sometimes show an approach 
to the regular structure of Gentianacem. Gesnetacea' differ in their irregular 
flowera, axile embryo, and other characters. An affinity exists to Orobnn- 
chaceae, especially through Oholart'tj a N.-American plant formerly re- 
ferred to that Order, Voyra^ a parasitic leafless genus, and some allied 
forms lately discovered in South America, while Craw/ffrdia^ a twining 
genus, seems to connect the Oentianacem with Convolvulacere, 

Distribution. — A large Order, generally diffused — the large genus Gen- 
tiana especially inhabiting the mountains of temperate and hot climates, 
but not in polar regions. 

Qualities and Uses. — Bitter, tonic properties are general ; a few are 
emetic or narcotic, especially when fresh. Among the bitter kinds medi- 
cinally employed are the Gentians, G. Intea (oi^chml) ^ puncfnta^ pur pureaf 
pnwwowica, all European, G. Cafesbm (U.S), G.Kurroo (Himalaya), Fraaera 
Walteri (U.S), Agathotes Chirayita, a native of the Himalayas. Eryihreea 
Centaurium., Menyanthes trifoUaiaj Chhra perfoUata^ Gnitiuna eampestris 
and Amnrella^ all British herbs, have been used in the same way. The 
plants of this Order mostly have beautiful flowers, brilliant blue predomi- 
nating, but red, white, and purple, and more rarely yellow occurring. The 
Gentianella of our gardens is G. acavlis; and the smaller Gentians arc* among 
the most beautiful of alpine plants. Villarsia nymphceotdes is an elegant 
water-plant occurring in Britain, Limnanthemu7nj an exotic genus, is also 
aquatic. 


Order XCIX. APOCYNACEA. Dog-banes. 

Class, Contortse, Endl. All. Gcntianalcs, Lindl. CoH. Gentianales, 
Dentil, et Hook. 

457. Diagnosis . — Plants with milky acrid juice, entire (mostly 
opposite) leaves, without stipules ; flowers regular, 5 -morons and 
5-androus ; the 5 lobes of the corolla convolute and twisted in the 
bud ; the filaments distinct, inserted on the corolla, and the pollen 
granular ; ovary 2- or more rarely 1-celled, composed of 2 caq)cls 
more or less coherent in the ovarian and stylar region and quite 
blended in the drum -shaped or dumbbell-shaped stigma ; ovules nu- 
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merous ; fruit 1 or 2 follicles, a capsule, drupe, or berry ; seeds mostly 
with fleshy or cartilaginous albumen, , 

Illustrative Genera. 

Allamanda, L, Tabemaemontana, Plum, Nerium, L, 

llancornia, Gomez, Vinca, L, Apocynum, Toumef, 

Carissa, L, Wrightia, R. Br, Dipladenia, DC, 

Taugliinia, Thouars, 

Amnitios. — Related closely to some Loganiacese ^d to Gentianaceae, 
as noticed under those Orders — also to AsclepiadacesB, from which they are 
chiefly distinguished by the freedom of the stamens from the stigma and 
by the coherent pollen. The thickened stigma, however, and appendaged 
anthers found here indicate a close relationship. Alyxia has ruminate 
albumen. 

Distribution. — A large group, the species of which are chiefly tropical, 
a few scattered in temperate climates. Vuica occurs in Britain. 

Qualities and Uses. — Often violent poisons, acting as drastic purgatives 
and emetics, sometimes with a narcotic influence. Not a few, however, 
have delicious edible fruits ; and the bark of some is tonic and febrifuge. 
The milky juice contains Caoutchouc, in some cases sufficient to become 
commercially valuable. The poisonous principles appear to occur chiefly 
in the seeds and in tlie milky juice. The steeds of Tanghinia vemmiferaj 
the Madagascar roisoii-mit, are very deadly, as are also the seeds of Oo'beraf 
Thwetkij Cameraria latlfoliai^^ Bastard Maricliineel) , the stem, root, leaves, 
and flowers of Nerium (the Oleander), EchiteSy Plumieray &c. Where some- 
what milder, as in Apocynum and AUmnanday the plants are occasionally 
available medicinally, but only in small doses. ' Wnyhtia mituhjsenterway 
some sp(‘cies of Carissay llancornia puhescetiSyfirA others are simply bitter 
and febrifuge, like Gentians. The succulent fruits of llancornia speciosa 
( J^razil), Car ism Carundas and edidis (East Indies), Roupellia grata (Sierra 
Leone ) , are not only harmless, but very delicious. Caoutchouc is obtained 
from Ureeola elastmiy WiUughbeici eduHs (East Indies), Vahea ginnmifera 
(Madagascar), Colhphora utilis and Cameraria latifolia (South America). 
The milky juice oi TabenKemontana utiliSy the Cow-tree of Demerara, is 
iimociious aud nutritious. Wrightia tinctoria furnishes a kind of indigo ; 
and the wood of species of Wnyhtia (East Indies), Asindosper7na (Guiana), 
&c. is valuable as timber. This Order furnishes some of our most beau- 
tiful stove-plants — EchiteSy Allamanday Dipladeniay Neriumy Plumieray &c. 
forming striking oniaments in every extensive horticultural collection. 


Order C. ASCLEPIAJDACE.^]. 

’v 

Class, Contortce, Endl. AU, Solanales, Lindl, Coh, Gentianales, 
Benth. et Hook, 

458. Diagnosis , — Shrubs or herbs, often twining, with milky 
juice, opposite or whorl^d (rarely scattered) entire leaves without 
stipules ; flower regular, 5-merou8, 6-androus, the lobes of the corolla 
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mostly valvate ; carpels 2, distinct, but adherent below ; stigmas co- 
,herent into a 5-angled fleshy head, to which the anthers are adherent 
(fig. 393); pollen coherent into wax-like or granular masses ; ovaries 
with numerous ovules on the sutures ; fruit a pair of follicles, or by 
abortion 1 ; seeds mostly with a crown of hairs at the hilum, with 
thin albumen. 

Illustuative Geneha. 

Hemidesmus, R. Br, CiUotropis, R. Br. Hoya, J?. Br. 

Periploca, L, Cynanchum, Z. Stapelia, X. 

Vincetoxicum, Asclepias, L, 


fig. 393. 



Fig. 393- a. Flower of Asclepias pttrpumsceiM; 8, a vortioni section, with the petals 
removed; c, side view of a stamen; d, inside visv of an anther (j>, pollen-sac); 
e, two poUen-masses; y*. cross section of the ovary. 

Afflnltiesi — The curious organization o( the stigma and pollen is the 
great distinguishing feature of this Order, which in other rtjspects is 
closely allied to Apocynacese. When the pollen is mature, it escapes in 

pollen-masses from the anthers ffig. 393, e), and adheres to gelatinous 
processes developed on the sides of the stigma, which retain it, so that it can 
push its pollen-tubes into tho lateral an<i ii^JIrior stiginatic surfaces ; after 
fertilization, the stigma with the adherent anthers and filaments separate 
from the style and leave a pair of distinct carpels, which ripen (one or 
both) into free follicles. 

Distribution. — A large Order^ mostly tropical, in Asia, Africa, and 
America; one or two species occur in Europe, and a few in North 
America. ^ 

QualitlcNiand Uaes. — Generally resembling the Appcynacese; hut the 
active properties are not so much developed, and the succulent fruits do 
not appear here. Species of Aaclapiasy Cynanchum^ Cahtroim (Mudar), and 
Periploca are more or less emetic or purgative ; the leaves of Solenostemma 
Arahel and Gomphocarpus fruiicofnts are frequent adulterations in Alex- 
andrian Senna, and are said to cause griping. . The roots of Hemidesmm 
wdicw are as a substitute for Sarsaparilla. The milky juice of 
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Cynanchnm ovdifolium yields Caoutchouc at Penanff. Maradenia tma* 
cissima and OrthantJeera mminea^ East-Indian plants, afford a'very tenacious 
fibre ; Mnrsdenia tbwtoria a kind of Indigo. The Stapelice and Cert^e- 
gift are remarkable for their succulent habit j some of them form curious 
tubers, as lirachystehna. lloya partakes of the succulent habit, but has 
wax-like leaves and blossoms, sometimes very handsome. Dischidta is 
remarkable for its pitcher-leaves (§101^. Gymmma lactifera is the Cow- 
plant of Ceylon, which yields a milky juic6, harmless and nutritious, and 
which is used by the natives as food. 

(IlYi)ROPHyLT*A.CE.®: form a small Order, allied in some respects to 
Boraginacene, but differing in their one-celled many-seeded ovary with 
parietal placentati on, which also separates them from Polemoniaceae, with 
whicli they have many points of agreement. They arc chiefly natives of 
the north and e;ctreme south of Amwica. Their properties are unimportant j 
but species of some of the genera, as Nemophila, Eiitoca^ &c., are interesting 
and showy garden plants, grown with us as tender annuals. Ilydroleads 
are sometimes separated from this Order by reason of their distinct styles 
and anatropous ovules.) 

(DiAPENSiACP^yE consisi of two gcuera, Biapemia and Pyxidanthera, 
eac^h having one spt'cies. Tliey are connected wnlh Couvolviilacea} by 
some authors, hut appear to stand Ixdween llydrophyllacere and Pole- 
moniacem, having a .‘5-celled ovary like the latter, and a filiform embryo 
witli very short cotyl^nloiis, approacliing tliat of the fonner. They are 
very closely allied to Ericaceie, but the anthers do not open by pores.) 


Order CI. POLEMONIACEiE. The Phlox Order. 

Clam, Tubifloraa, EndL All. Solanales, Lindl. Coh. Convolvulales ?, 
Be nth, et Hook, 

450. Diagnosis . — Herbs wilh alternate or opposite leaves, regular 5- 
merous and 5-androus flowers, the lobes of the corolla mostly convolute 
(spmetiiues imbricated) in mstivatiou ; ovary 3-celled, style 3-lobed ; the 
capsule 3-celled, 3-valved, loculicidal, few- or many-seeded ; valves usually 
brt'aking awav from a triaugular central columella ; seeds albuminous j 
embryo straight j cotyledons elliptical, foliaceous. 

iLLUSTiiiVxn^E Genera. 

Phlox, L. Leptosiphon, Benih. Cantua, Joss, 

Collomia, Nutt, Polemoniiim, Toumtf, Coba?a, Cav. 

Affinities, &c. — One of the smaller Orders ; it is remarkAle for its 
3-celled ovary. It is nearly related to Convolvulacese, agreeing 

even in the climbing habit j the ovary equally distinguishes it from these, 
the Ilydrophyllaceee, and the Gentianacero, to all of which it has close affi- 
nity. From Diapensiacece it differs in the regular calyx and insertion of 
the stamens^ as well as in the einbrya The seeds are remarkable in many 
cases for hairs upon the testa containing a spiral fibre; in Collomia these 
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expand elastically when wetted ; in Cobofa they are short, broad, and firm. 
The Polemoniacefe occur most abundantly in the temperate regions of 
North and South America. Polemonimn c<Brideum^ Greek Valerian or 
Jacob’s Ladder, grows in the north of England, and is common in gardens. 
The other genera furnish some of the favourite tender perennial and annual 
herbaceous plants of our gardens. They have no important properties. 


Order CII. CONVOLVTJLACEiE. The Bindweed 
Order. 

dims, Tiibiflor®, EnM, All. Solanales, Lindl, Coh, Convolvulales, 
Benth, et Hook, 

460. Diagnosis . — Chiefly twining or trailing herbs, sometimes 
leafless and parasitic, or shrubby and erect, often with some milky 
juice ; with alternate leaves (or scales) ; flowers regular, 5-androus ; 
calyx of 5 imbricated sepals, the e5-plaited or 5-lobed corolla convolute 
or twisted in the bud ; ovary 2-cellcd (rarely 3-cellcd), or with 2 
separate pistils, with 2 erect ovules in each cell, the cell sometimes 
doubled by a false partition between the seeds, thus flilsely 4- celled ; 
embryo large, curbed or coiled in mucilaginous albumen, with folia- 
ceous cotyledons, or ( Cmcutem) filiform and coiled mth the cotyledons 
scarcely perceptible ; radicle inferior. 

Illustrative Genera. 

Convolvulus, L, I Ipomoca, L, 

Exogonium, Chois. j Ciiscuta, Toumef, 

Affinities. — This Order approaches the regular monope talons Boragina- 
cefe, Polemoniacefe, and allied Orders ; the slrticture of the ovary separates 
it from the first, the curved ei:|bryo and tlie fruits from the second. 
Gordias also differ in their exalhuminous s^eds and superior radicle. 
Some of the Convolvulacem are of shrubby habit, and depart widely from 
the appearance with which we are most fhnuliar. Cusetda is sometimes 
made the type of a distinct Order ; but the parasitical habit is not a suffi- 
cient character. 

l>i8tr{|mtlon«-^A large Order, of which a few species occur in temperate 
climates, but the majority belong to the tropics. 

Qualities and Uses. — ^A purgative property generally characterizes these 
plants, among which are seveial yielding important medicinal substances. 
True Jalap is the root of Exogonium Furga, Scammony oi Convolvulus Scam- 
mmia\ Fharhitis cathfirtka Ipomwa tuherosa yiM a similar substance. 
The white hedge-Convolvulus, Calystegia sepium, has a similar action, as 
also various Ipomoca and Convolvuli^ the active matter being a kind of resin 
existing in the milky juice. The seeds of Pharbitis Nil and P, earuha 
are idso used as purgatives. On the other hand. Batatas edtdis forms a 
large fleshy tuber, which is widely cultivated and eaten under the name of 
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the Sweet Potato, and Ipomcea macrorhiza has edible farinaceous roots. 
The twininj' and trailing plants of this Order are mostly remarkable for 
the beauty of their flowers, and many of them are cultivated; the gardeto 
Major Convolvulus is Pharhitis purpureuy the blue Minor Convolvulus is 
Cunvohulm tricolor, Convolmdus arvemis, Bindweed, grows everywhere, 
on the ground, rooting at the nodes ; C. Soldanella grows in like manner on 
the sea-shore ; Cahjdegia sepium, the White Convolvulus, is one of our 
most bi'auliful and at the same time cbmmonfest hedge-plants. — The 
Cmcntcc are remarkable for their leafless paiii'^itic habit; th^ germinate 
in the ground, and then coil themselves round the stems of plants and send 
roots in through their rind, by which tliey are then entirely nourished. 
They have wire-like stems with minute scales at the nodes, and tufts of 
small Convolviilaceous flowers. They are great pests in clover- and flax- 
fields, destroying the planta they infest. 

cm. SOLANACE^. Nightshades. 

Class. Tubifiovjio, Endl, All, Solanales, Lindl, Coh, Con volvul ales, 
Benth. et Hook, 

401. Diagnosis, — Herbs, rarely shrubs, with colourless juice and 
alternate leaves ; flowers regular, or slightly irregular, often extra- 
axillary, 5-merous and 5-androus, on bractless pedicels; corolla 
hyppgynbus, plaited-imbricate, plaited-convolute, or invohitive-val- 
vate in lestivation ; stamens epipetalous ; ovary 2-celled, cells 
aiitero -posterior ; fruit a 2-celled (rarely 3~5-ceUed) many-seeded 
cai)sule or a succulent berry. 8eod albuminous ; embryo curved. 

Character. 

Cahjx free, or rarely 4- or4]-eleft, persistent, or the upper part se- 
parating by transverse dehiscence, mostly growing somewhat 
during the ripening of the fruit (accrescent). 

Corolla inonopctalous, 5- or rarely 4- or 6-parted or toothed, rotate, 
campanulate, funnel- or salver-shaped, sometimes obliquely irregu- 
lar, plaited-imbricate/ plaited-convolute, or involutive-valvate in 
the bud. 

Stamens attached to the tube of the corolla, equal in number to its 
lobes and alternate avith them ; Jilaments sometimes rather un^- 
equal ; anthers 2-celled, with the celte sometimes connate above, 
dehiscing longitudinally or by terminal pores. 

Ovary usually 2-celled, the carpels antero-posterior ; placentas axile, 
sometimes enlarged into spurious dissepiments; rendering the ovary 
4-celled ; ovary rarely 3~5-ceUed by increased number of carpels ; 
ovules numerous ; style simple ; stigma simple or lobed. 

Fruit capsular, with septicidal or transverse dehiscence (fig. 291), or 

p5 
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a succulent or dryish indehiscont berry (fig. 295) ; seeds numerous, 
• Fiff. 394. 



Atropa Belladonna. 

the embryo mostly slender and curved, sometimes straight, with 
foliaceous cotyledons in fleshy albumen. 


Fig. 395. 



Fig. 196. <h CorolU of Atropa Belladonna^ shovdag the attachment of the stamen*; 
bt crow section of the OTarj. 
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Illustrative Genera. 

♦Petunia, Jms. *Hyoscyamus, Tournef. Solanum, Z. • 

♦Nicotiana, Tournef. Physalis, Z. ♦Atropa, Z. 

♦Datura, Z. Capsicum, Tmimef, ♦Mandragora, Toumef. 

Affinities. — A considerable range of variation in the condition of most 
of the organs upon which a character is founded renders it difficult to 
circumscribe this Order strictly; in fact it passes by, almost insensible 
gradations into the Scrophulariaceos. Generally speaking, the Solanace© 
are distinguished by the plaited aestivation of the corolla, equality of the 
number of stamens with the lobes of the corolla, and a curved embryo 
from the ScrophulariaceaB, which have imbricated aestivation, stamens 
fewer than the lobes of the corolla, and a straight embryo ; but none of 
these characters are constant in the former Order ; yet the nearly regular 
corolla and five perfect stamens will in almost all cases distinguish the 
Solanacea3. IMiers has lately proposed, in extension of a suggestion of 
It. Brown, to establish a new Order, Atropaceie, to include the aberrant 
forms of Solanacefe and Scrophulariaceae, and leave these better defined — 
the brief diagnoses of these Orders being : — 

1. SoLANACKiE. Stamens equal in number to the lobes of the corolla (or 

petals), whose lestivation is valvate or induplicate-valvate. 

2. Atropaceje. Stamens equal in number to the lobes of the corolla (or 

petals), one homctiiiKis sterile ; estivation of the corolla imbricated, or 

some modification of imbricated. 

3. ScROPin:LARiACEJ3. Stamens less in number than the lobes of the 

corolla (or petals), 4 or 2 ; estivation of the corolla imbricated. 

The removal of the BuddJeiea' to Loganiacee, as proposed by Bentham, 
is favourable to this arrangement, as it removes the 4-androns genera with 
rt^gular 4-lobed corollas, which would render the above diagnosis of Scro- 
pliulariacem faulty. In the li.st of genera given above, the Solanaceous 
genera of fliers are left open, and those are marked with an asterisk which 
are referred to his Atropac<?}e, together with a number which will be found 
similarly distinguished under ScropbulariacesD. 

The Solaiiaceie, as a whole, have, however, closer relations with 
some of the regular monopetalous Orders, particularly with Hydrophyl- 
lacem and Convolvulacete ; they are connecU^d with Boraginacem by 
Grahowskioj a Brazilian genus, Sformerly regarded as a Lycium^ which 
has the habit of the latter with the ov^ry of Boraginacem : it is nearly 
related to Nolana. According to Bindley, Oestrum connects the Sola- 
nacem with the Oleaceie, through Syringa \ but although it has a straight 
embryo with foliaceous cotyledons, the radicle is inferior, not superior, 
and the resemblance appears to exist chiefly in habit. Polemoniaceae 
dilfer in their 3-celled ovary and straight embryo. 

Distribution. — A very large Oixier, the members of which are generally 
distributed, but most abundantly in the tropics. 

Qualities and Uses. — The genera referable to Atropacem, as indicated 
above, are mostly characterized by powerful ntirc 9 tic..pQiaonous properties. ^ 
The Solanacem are apparently less powerful in all cases, and certain kinds*, 
furnish wholesome and some most important articles of food : but many j 
of them possess decided narcotic properties. Some are distinguished by 
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an acrid or pungent quality ; some have diuretic action ; and others are ac- 
coimted tonics. Among the poisonous kinds the most important are the 
Atropa Belladmna (Deadly Nightshade, which has the curious property 
of relaxing the iris, and thus causing dilatation of the pupil) ; Datura 
Stratiuminm (the Thorn-apple), and other species of Datura^ such as 
D. Metetf Tatitla, ferox, ivc. ; Hyosetfamus niger (Henbane) and other 
species ; Nicotiana Tahacum^ persica^ and rastica (the American, Persian, 
and SjTian Tobacco-plants) ; Mandragara officinalis (the Mandrake). 
Acocanthera venenata^ a Cape shrub, is said to be more deadly even than 
any of them. The foliage of some species of Solatium is said to have 
active properties of the same kind, especially S. nigrum (Black Night- 
shade), S. Dulcamara (Bitter-sweet or Woody Nightshade), and even 
the leaves and stems of S. tuberosum (the conimrin Potato) and Phgsalis 
sotnnifera. Solatium Pseudo-guina emploj'ed in Brazil a substitute 
for Cinchona. Some species of Cesfnnn, asilaurifolia and Pseudo-guitta^ are 
said to have similar properties. Other Cestr^a^ as C. eunnthes^ hevigatutUy &c., 
many species of Physali% Solarium, Szc., are accounted diuretic. 

The species of Capsicum are remarkable for the pungent quality of 
the fruits, the common Capsicum being the produce of C. aunuum, and 
Cavenne pepper consisting of the powdered seeds of various species, such 
B&'^C fnitescens, . r 

while some of the plants are such active poisons in all parts, others 
are only partially or not at all so. Tlie berries as well as the foliage of 
Atropa, mr example, and the seeds and capsules as well as the foliage of 
Hyoscyamvs, are very deadly ; but the succulent fruits of many species of 
Solatium are wholesome,. as the Kgg- Apple or Aubergine (*S’. Meloiigcnn), 
those of S. laciniat\(tn, eaten in Australia under tlie name of Kangaroo 
Apples, &c., and, it is said (but this wants confirmation) those of the 
8, nigrum, Dulcamara, and others. Lycopersicum esculcufum, the Tomato, 
is another example. Still more striking appears the instance of the Po- 
tato, at first sight ; but it must be remembered that the edible tuber is an 
artificial product, and consists chiefly of cellular tissue and starch deve- 
loped under circumstances that the fonnation of the noxious secre- 

tion ; and what is present may be dissipated by heat. It is said that the 

( poisonous element in Solanaceous fruits exists in a pulpy covering of the 
seeds, not in the pericarp. It is desirable that this point should bo 
ascertained. » 

(CoRDTACEJR Constitute an Order, chi» fly consi.sting of tropical plants, 
sometimes combined with the Boraginacea?, from which they differ in the 
twisted festivation of the corolla and the plaited cotyledons. From Con- 
volvulace® they differ in their superior radicle and the absence of albumen. 
The Order is remarkable for the plaited cotyledons of the embryo. The 
fruits of Cordia My:ra and Igtifolia arf» called Sebestens or Sebesten plums, 
and^ with those of other species, are edible.) 

(Nolanacej3 are a small group of South-American plants referred by 
some authors to Convolvulaceae, by others to Boraginace®, sometimes 
erected into a distinct Order on account of the valvate calyx, plaited re- 
gular corolla, the ovary of *5-20 carpels, either distinct, or when numerous 
combined into several sets, seated on a fleshy disk, with a single style and 
stigma \ the embryo curved, in little albumen. The chief distinction from 
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Boroginaceie Ilea in the 6-merous ovaiy and the absence of the scroU-Iike 
inflorescence ; they •may be regarded as aberrant forms of that Order, 
Some species of Nolma are cultivated in gpdens for their showy floweri, 
somewhat resembling blue Qonmlmlu Their properties are unknown. 
Genera : Nolanaj L. ; Alona^ Lindl.) 


OiiDKR CIV^ BORAGINACE^. The Bugloss Order. 

CUm. Nuculiferm, BndL AIL Echiales, LindL Coh, Verbenales, 
Beutli, et Jlooh, 

462. Diagnosis. — Chiefly roughly hairy herbs (not aromatic), with 
alternate entire leaves, a acoi-pioid inflorescence, and symmetrical 
flowers with a 5~parted calyx, an hypogynous, regular (rarely 
slightly irregular) 5-lobcd corolla, 5 stamens springing from the 
corolla-tube ; ovary deeply 4-lobed, the lobes surrounding the base of 
the single gynobasic style, and forming when ripe 4 indehiscent 
1 -seeded achencs in the bottom of the persistent calyx ; stigma simple 
or biftd ; seeds separable from the pericarp, exalburainous ; radicle 
superior. 

Illustrative Genera, 

Echiiim, X. Symphytum, X, Lithospermum, X, 

Borago, Tournef. Anchusa, X. Myosotis, X. 

Affinities. — Tlv' 4-lobe(l ovary and fruit of this Order agi’ee exactly 
with those of the Labinlfe, in wliich the irregular corolla, didjmamous 
stamens, opposite leaves, and square steins difter widely. This character 
of the ovary does not occur in any other regular 5-androus monopetalous 
Order. The Nolanacem and Kliretiaceje depart from the general type of 
this Order. Ehretiacem seem to bear the same relation to the proper 
Boraginacem as tlie Verl)enace;e to Labiatje, having confluent carpels, 
terminal styles, and a shrill >hy or arl)orescent liabit. The corolla mostly 
presents a coronet of scahjs in the throat, wliich some incline to regard as 
abortive stamens. 

Distribution. — A large Order, the species of which are mostly natives 
of temperate climates in tlie northern hemisphere. 

Qualities and Uses. — The plants of this Order, remarkable for their 
rough foliage, have a reputation as mucilaginous and cooling herbs. Their 
chief importance lies in the furnished by the roots of Anchma tinc’- 
toria (Altanet) and various species of Bchimn, Ommna^ &c., and the beauty 
of their flowers, whence the geneni abovd cited include many common 
garden plants. The Forget-mc-not is a native species of the genus Myos-- 
otis. Many Boraginacem occur wild with us. 

(Ehretiacejr consist of a group of plants separated from Boraginaceas 
by some authors on account of the coherence of the carpels and the ter- 
minal style (which is gynobajsic (§ 228) in true Boraginaceae) and a dni- 
paceous fruit. Some genera have albumen, others not. They seem to ^ 
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as distinct here as Verbenacefe from the Labiatm ; but the a^eement is 
very close at some points in both cases. ^ They are ^so nearly related to 
the Cordiaceae ; but the latter have twisted estivation and plaited coty- 
ledons. Most of them ere tropical trees or shrubs. None are of much 
importance : the drupes of some Ehretue anj eaten ; the Heliotrope (He- 
liotropium peruviammi) is uniyersally known for its delicious odour. 
Genera : Ehretia^ L. ; Toiimefortia, K. Br. j Ilelwtropiinn, L., &c.) 


Order CV. LABIATiE. 

Class. Nuculiferoe, Endl. All. Echiales, Lindl. Coh. Verbenales, 
Benih. et Hook, 

463. Diagnosis . — Chiefly herbs, with square stems and opposite 
aromatic leaves ; flowers witli a more or less 2-lipped, hypogynoiis 
corolla, didynamous or diandroiis stamens; ovary deeply 4-lohed, 
the lobes surrounding the base of the single gynobasic style, and 
forming, when ripe, 4 indehiscent 1 -seeded achencs in the bottom 
of the persistent calyx ; stigma bifid ; seeds erect, with little or no 
albumen. 

Character, 

Calyx inferior, pei’sistent, tubular, 5-mcrous, with the odd sepal 
posterior ; the limb regularly 5- or lO-toothed, or irregular and 
bilabiate (fig. 396), 3- to 10-toothed. 

Corolla hypogynoiis, monopetalous, bilabiate ; the upper lip entire or 
divided, arched or almost suppressed; the lower lip usually larger 
and 3-lobed (fig. 397). 

Fig. 398. 



Eig. 396. CaljTC of Halvia. 

Fig. 397. Corolla of Salvia. 

Fig. 398. Corolla of Olechoma opened, ahowing the did jnamoas atameni. 


Stamens springing fh)ni the corolla, 4, didynamous (fig. 398), or some- 
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times 2; anther 2-cclled or apparently 1 -celled from the appo- 
sition of the cells at the apex, or with the filament or connective 
bifurcate and bearing either 2 single cells or 1 perfect cejl and a 
sterile process. 

Ovan/ deeply 4-lobcd, on a fleshy disk, 4-celled, each cell with 1 erect 
ovule ; stifle simple, arising from the bottom of the carpels ; stigma 
forked. 

Fruit composed^ of 4, or, by abortion, 3, 2, or 1, dry, separabjp, 1- 
seeded portions, surrounded by the persistent calyx ; s^ds with 
little albumen ; cotyledons flat. 


Illusthativk (Ienkha. 


Lavandula, L. 
Mentha, L, 
8alvia, L. 
Ilosmarimis, Z, 
Origanum, X. 


Thymus, L, 
TTyssopua, Z. 
Prunolla, Z. 
Ijimiura, Z. 
Stachys, JRenth. 


Marruhium, Z. 
Ballota, Z. 
Phlomis, Z. 
Teucrium, Z. 
Ajuga, X. 


Affinities. — As regards the structure of its ovary, this Order agrees 
exactly with Boraginaceaj, from which, however, almost all its other 
characters distinguish it. Among the didynamous nn symmetrical niono- 
petalous Orders, no otlun* group approaches this structure but Verbenaceae, 
which are di'^tinguished by the gi*eater degree of coherence of the carpels 
and the tenninal style, as the Khretiacem are from Boraginacene ; out 
the separation of these Orders is sometimes difficult. Disregarding the 
ovary, the character of the corolla and stamens connects Labiatae with 
Scropluilariaceie and its allies, especially when they have opposite leaves 
and square stems. 

The morphology of the corolla and stamens is very interesting in this 
Order, as it is in the Strrophnlariacem ; the didynamous structure arises 
from the Avant of tlie posterior .slameu, and in tlie diandrous genera it is 
the anterior pair that remains. The foliage of the majority of plants in 
this Order is studded with microscopic glandular bail’s, containing the 
essential oils to w'hich they owe their remarkable fragrance. Various 
species of Salvia have hairs upon the testa of the seed, containing a spiral 
fibre, somewhat as in PolemoiiiaceaB. 

Distribution. — A very large Order, the species of wdiich are principally 
natives of teninerate climates ; but the more fragrant kinds occur most 
abundantly in tne warm temperate |nd drier regions. 

Qualities and Uses. — The most striking qualities of tliis Order depend 
upon the presence of aromatic or fragrant essential oils, which render 
some of them valuable stimulant^ and aiitispasmodics, othei’s favourite 
flavouring herbs for culinary puqioses, others important ingredients in 
perfumes, &c. Some are also regarded as tonics. The fleshy subter- 
raneous rhizomes of Sta<ihys palmtris ore sometimes cultivated as a table 
vegetable ; and the tubers of an Ocimum are said to be eaten in Mada- 
gascar. 

Of the carminative aromatics, the Mints, Spearmint {MerUha vtridis)^ 
Peppermint (M. Fiperita\ Penny-royal (M, Pideginm) are among the 
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best-known. Other species of Mentha have similar properties ; Hedeoma 
puIeffioideSf the Penny-royal of the United States ; Lavender, Lavendtda 
tera ; together with the inferior French Lavender, Z. Spicay the oil of 
which, however, is chiefly used in the arts (oil of Spike), and others : 
many allied species are used in different countries in the same way. The 
essential oils of some kinds commonly used as flavouring herbs are also 
used in veterinary medicine. Among the best-known of these, besides 
Mint, are Thyme (Thymus Serpyllum and other species), IMarjoram (On- 
yanu^^iy various species), Basil (Ochnmny sp.). Savory (Satureiay sp.). 
Sage (Salvia officinalis and (fraud i flora) ^ &c. As perfumes. Lavender, 
Patchouli (Pof/osfemon Patchouli) y Mentha citratay Ilosemaiy 
officinalis), others are largely used. Ilorehound (Marruhiujn vuh/are) 
is an old-fashioned remedy for coughs ; Ground-Ivy (Xepeta Glechoma), 
Balm (Melissa offie^inaiis), and others are used by the country-people for 
the same complaints. Monarda fistulosn (a North -American shrub) and 
Origanum Dictamnus (or Dittany of Crete) are reputed tebrifuges. Stachys 
Betonica has been regarded as a steniutntorv, but perhaps acts mechani- 
cally : its root is said to be purgative and emetic ; but this seems unlikely 
to be true. 

Many plants of this Order decorate our gardens, and many species are 
wild in Britain. 


Order CVI. VERBENACE.E. The Vervain Order. 

Class. Nuculiferm, Endl. All Echiales, Lindl, Coh. Verbenales, 
Benth. et Jlook, 

4Gt. Diagnom, — Herbs or shrubs with opposite or alteniate leaves ; 
flowers with an hvpogynous more or leas 2-lipped or irregular corolla and 
didynamous stamens; style terminal; the 2-4-celled fruit dry or drupa- 
ceous, usually splitting w’hen ripe into as many l-seeded, indehiscent 
nucules ) seeds erect or pendulous, with little or no albumen. 


IllUvStrative Genera. 

Suborder 1. Verrexeas. Orw/cs rw- | Suborder 2. Myoporeje. Ovules 
cendtng: seed exalbuminous : leaves | jHmdiilous; seed alhuminom : leaves 
opposite. { alternate. 

Verbena, L. j Myoporum, Bhs. ^ Sol. 

Lantana, L. Avicenuia, L. 

Tectona, Z. 

Clerodendron, L. 

Vitex, L. 


Afllitltiei.-rPrincipally distinguished from Labiatse by the terminal 
style and more coherent carpels. The Myoporete can haidly be separated 
from the V^beneo ! ; and perhaps Seladnaceae should he appended as an 
aberrant form. The structure of the mut separates this Oraer from Scro- 
phulariacem and its allies. 

Distrliratioii* — large Order, chiefly tropical ; the Verhenea common in 
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temperate South America, and a few scattered in all regions. The Avt~ 
cennim grow, like Man^oves, in tropical salt marshes. 

Qualities and U 8 es.--^hos 0 of the VerhenetB are much the same as iif 
Labiatae : Aloysia cUriodora^ the cultivated Lemon-plant,” or Ver- 
bena,” is an instance of fragrant properties ; many species of Lantana are 
fragrant or fietid ; some are used as substitutes for Tea. Viitx Agnus- 
castm^ V, Neyundoj and others have acrid fruits. Tectona grandis is the 
I'^aat-Indian Teak-tree, celebrated for its hard heavy wood (African Teak 
is from a Eupliorbiaceoiis tree). The bark of Avkminia tomeniosay the 
White Mangrove of llrazil, is used for tanning. Clerodendrons are hand- 
some stove-shrubs. The brilliant Verbenas of our gardens are mostly 
varieties of Verhetia chamatdnfolia and allied species. 

(SELAGiNAt^Rii*: are a small group diflering from Verbenacem princi- 
pally in having 1-celled anthers ; in Glohularia the carpels are reduced to 
one. Ilenc(i there appears a connexion between them and Salvadoraceae, 
which approach Verbtmacea' and EhrefietB among the Boraginacem in 
other points. Some of tlu^ plants are European ; most of them belong to 
the Cape. Glohidarif/f have purgative and emetic properties. Genera : 
SelagOj Ij. j Globnlaria, L.) 


Order CVII. ACANTHACEiE. 

Class, Personatce, Endl, Ad. Bignoniales, ZaW/. Coh. Personales, 
JJenth, et Hook, 

4G5. Diagnosis , — Herbs or shrubs with opposite simple leaves ; flowers 
irregular, brivcteat<Hl, with an imbricated hypogynous more or less 2-lipped 
corolla, didynamous or cliandrous stamens attached to the tube of the 
corolla; fruit a 2-celled, 4-12-seeded capsule; seeds anatropous, exalbu- 
minous, usually flat, supported by hooked or cup-shaped projections of the 
placentas ; radicle inferior. 

Illustrativi: Genera. 

Thunbergia, L, j Ilarleria, L, I Adhatoda, Nees, 

Ruellia, X. | Acanthus, L, | Justicia, L. 

AfBnitleflu — ^This Order is closely related to Scrophulariacem and Big- 
noniacene, differing from the former in the exalbuniinous seeds, from the 
latter chiefly, so far as written characters can be given, in the vstmcture 
of the placenta and in the seeds not being winged. Generally speaking, 
the large bracts of the inflorescence, and the imbricated calyx of une^al 
sepals, mve a peculiar and cliaracteristic appearance to these plants. The 
seeds of Acanthodium, Ruellia, and other species have a testa clothed with 
curious compound hairs containing spiral fibres. 

Distribution. — A large Order, oliieny tropical. 

Qualities and Uses. — Mostly without active properties. The most 
striking peculiarity lies in the beauty of the flowers of many kinds, which 
renders tnem gpreat favourites in our stoves. Acanthus mollis is interest- 
ing from its leaves having, it is said, furnished the^idd3i of th^Cp^thhm 
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.Order CVIII. BIGNONIACEjE. The Trumpet-flower 

Order. 

Class. Persona tje, All. Bigiioniales, Lindl, Coh. Personales, 

Bmth. et Jlook. 

4G6. Diagnosis . — Woody, or rarely herbaceous plants, ofteii twiniii" 
or climbing, with exstipulate leaves, h}'})ogynoiis moiiopetaloiis corollas, 
didynamous or diandrous stamens; the ovary commonly 2-celled, by the 
meeting of the 2 placentas or of projections from tliem, surrounded at the 
base by a disk ; many-seeded ; the seeds large, winged, with a flat embryo, 
and no albumen. 

Illustrative Genera. 

Bignonia, L. Oatalpa, Scop. 

Tecomn, Jms. Eccremocarpus, R. cV P. 

AfiOnitles. — The exalbiiminous character of the seeds separates this 
Order from Scrophulariacem. From AcauthaceJe there is less marked 
distinction ; but the winged and sessile seeds, togetln^r with tlie general 
habit of the inflorescence, mark the ditt'erence. Eccremooarpas approaches 
closely to Gesneraceie ; and these, with Pedaliacem and Oescentiaceie, 
are chiefly separated by the want of coherence of the placentas in the 
axis (the exceptional case here in Eccremociupus) and the absence of a 
wing to the seeds. Many BignoniacCi'e are remarkable for tlie structure 
of their woody stems, which have the wood dinded into segments by 
broad wedge-shaped proces8e.s of the bark ; tlie segments are 4 in 
young stems, forming a cross in the transverse section ; 8, and even 
16 l^s appear in the woody layers of subsequent years. The broad 
paper-like wflng of the seeds of Bignonue has a very elegant microscopic 
structure. 

Distributloii. — A considerable family of mostly tropical plants ; the 
Trumpet-flowered climbci*s form strikyig features of .Vmorican forests. 

Qualities and Uses. — Many of the plants of this Ord('r are used in 
Brazil for various purposes, such as dyes, mediednes of varied a<!tion, 
timber, &c. ; but none aiv of very great importance. Their beautiful 
flowers, often large and brightly colourpd, render them very attractive. 
Teeoma radicanSjEccre^nocarfimscaher^kc. are common garden climbers; 
Cat^dpa syringafolia is a handsome tree with showy blossoms, hardy in 
this countr}'. 

(Pedaliaceje are chiefly distinguished from Bignoniacem by their 
generally wingless seeds, and by their difleren t habit iSemmnm may be re- 
garded as intendediate between the Oiders just namedi while Martynia 
establbhes a transition to Gesneracete, of which (h-tler PedaliacesD, or, os 
they are sometimes called, Sesameaa, aM considered by some to form a 
tril^. They are chiefly tropical ; the most important member of the ^oiip 
is Sesamum orienUde^ whicn is an object of cultivation in the East for its 
seeds, from which oil resembling Olive-oil is obtained. Some of the 
^ecies are in cultivation, among them one or two species of Martynia 
remarkably for the two long honis to the fruit.) 
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(CuESCKNTrACRjB are also very near to the Gesnerace®, and chiefly 
separated by the arborescent habit and larg-e amyjjfdaloid seeds ; the caljx 
also is free, and its limb splits irregularly. From 'PedaliaceaB the fruits and 
tlio amygdaloid seeds divide them. The indehisceiit fruit and wingless seeds 
a(^parate them from Bignoniac(‘fe and Acanthaceae, and this, together with 
the want of albumen, from ScrophiilariacejB, Solanaceae, and Lentibulaceae. 
This Order is tropical, most developed in the Mauritius and Madagascar. 
Crcscontia i^ujehy the Calabash-tree, has a fruit like a gourd, with a hard 
shell applicable to many useful purposes, holding liquids, forming floats 
for rafts, &c. The subacid pulp is eaten. Pannentivra cerifera (Panama) 
has a long slender fruit, and is called, from the shape of this, the Candle- 
tree ; it is a favourite food of cattle. j 


Order CIX. GESNERACEiE. 


Class, Personatfc, Endl. All. Bignoniales, Lhidl. Coh. Personales, 
Benth. et Hook. 

407. Diaf/twsis . — Soft woody shrubs or herbs, somewhat succulent, 
with opposite or whorled wrinkled leaves, without stipules; flowers ir- 
regular ; corolla perigynoua or hypogyiious, monopetalous ; stamens dian- 
drous or didynamous with a rudiuitMitury 5th ; ovary half-vSuperior, with 
a ring of glands or a disk, 1 -celled, with two :2-lobed parietal placentas ; 
fruit capsular or succulent ; seeds numerous, with or without albumen; 
cotyledons much shorter than the radicle. 


Illustrative Gkneiia. 


Suborder 1. Gesnerfle. Sf'eds | 
with a little albumen ; calyx partly 
adhemit to the capsular fruit. 
(lesnera, Mart. 

Achiiuenes, P. Br. 

Gloxinia, Herit. 


Suborder 2. Cyrt ANDRE.®. Seeds 
without albumen ; fruit frety capsu^ 
lavy twisted j or baccate. 

^Eschy nan thus, Jack. 
Streptocarpus, Lindi. 
Cyrtandra, Torsi. 


Amnitief, Ac. — The Gcsnorace.T have much the aspect of Scrophu- 
lariiiceoB ; and the (lowers very much resemble those of Bignoniacew, but 
their placentas are decidedly parietal ; and although Eccremocarpus con- 
nects them with Bignoniacem, its winged seeds and large cotyledons 
still mark the difference from Gesneracem. The parietal placentas resemble 
tlioso of (.)n)banchacea 3 , which connect the (Irder further with Scro- 
phulariaceie j but in the Gcsnerecc^ where the seeds a^e albuminous, the 
calyx is more or less adherent to the ovaryr They are tropical plants : — 
the Gesnerece American ; the Cyrtandrece more diffused, but chiefly Eastern. 
They are of no ^eat importance flk regai’ds their properties : some Gesnera 
have edible fruits : the most iiiterasting point about them is the beauty of 
the flowers. Most of the genera above cited ai*e found in collections of 
stove-plants ; in their native habitations they are often epiphytic. 
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* Order CX. OEOBANCHACE^E. Broom-Rapes. 

Class, Personat®, Emil All Gentianales, Lindl, Coh, Personales, 
Eenth, et Hook, 

468. Diagnosis . — ^Fleshy herbs destitute of green foliage (root-para- 
sites) ; corolla monopetalous ; stamens irregular, hypogynous, didynamous ; 
the ovary 1-celled, with 2-4 parietal placentas ; capsule with very nu- 
merous seeds, which are minute, albuminous, with a very small rudimen- 
tary embryo. 

Illustrative Genera. 

• Orobanche, L. | Lathr®a, L, 

Affinities, Ao. — This Order is especially remarkable for the parasitic habit, 
the fleshy texture, scale-like leaves, and the absence of chlorophyll, in 
, which particulars the plants resemble Monotropace® ; but these are not 
characters of ordinal value, and we see them running into the nearest 
allies of this group, as Buchnera and Striga in Scrophulariacege, not to 
mention the partially parasitic condition of MelampyreB. The Order is 
chiefly separated from Scrophulariace® by its parietal placentas. From 
Gentianaceie it differs in the carpels being placed back and front, as in 
Scrophulariace® and the allied Orders, while in Gentianace® they are 
right and left of the axis. From Gesnerace.® there is little except the 
habit to separate them. These plants are parasitic on the roots of many 
herbs and shrubs of very various Orders ; they attach themselves im- 
mediately after germination, and become organically grafted ; some in- 
crease by tuberous buds from the base of the annual stems. The Oro- 
banchace® are bitter and astringent, and are said to be escharotic ; these 
qualities probably depend on a resinous fluid secreted in the abundant 
epidermal hairs. Tney are comparatively numerous in Europe, North 
AiRerica, North Asia, and the Cape j some in India. 


Order CXI. SCROPHULARIACEiE. 

Class, Personat®, Emil, All Bignoniales, Lindl Coh, Personales, 
Benth. et Hook, 

469. Diagnosis . — (jhiefly herbs ; flowers with hypogynous, mono- 
*petalou8, irregular corollas, the lobes of which are imbricate in es- 
tivation ; didynamous, diandrous (or very rarely 5 perfect) stamens 
attached to the tube of the corolla ; ovary 2-celled, cells antero- 
posterior ; fruits 2-ccllcd,*iiiostly many- seeded capsule with axilc 
placentas ; seeds anatropous ; embryo small, in copious albumen. 

Character, 

Calyx persistent, more or less deeply 3~5-toothed, more or less 
irregular. 

CorolUt monopetalous, irregular ; the tube long or short ; the limb 



COEOLLirLOR^. 


333 


more or less deeply 5-lobed, or 4-lobed by the coherence of the 
2 posterior petals, personate (fig. 400), bilabiate, rotate (fig. 399), 
sometimes spurred. 

Stamens 2, 4, and didynamous (fig. 403), or with the 5th (posterior) 
perfect, sterile, or represented by a petaloid tooth (fig, 401), at- 
tached to the corolla; anthers 2-celled, or 1 -celled by confluence 
or by suppression. 

Ovary 2-celled, with axilc placentas bearing usually numerous ovules; 
style and stiyma simple, or bifid at the apex. 

Fruit capsular, rarely baccate, 2-celled, dehiseing by 2 or 4 valves, 
or by pores, or indehiscent ; seeds mostly numerous, albuminous. 

w 



Fig. 300. Corolla nnd starai'ns of Veronica. 

Fig. 40). Calyx and corolla of Antirrhinum. 

Fig. 401. Corolla, laid open, with didynamous stamens and staminodc, of .^crophutark 
Fig. 402. Diagriuu of flowor of ffcrophularia. 

Fig. 40.3. Didynamous stamens of Digitalis. 


Illustrative Genera. 

^Salpiglossis, R. P. | PaullowTiia, Zucc, j Veronica, X. 
*Schizanthuft, R. ^ P. • Scropliularia, Tournef. i Barlsia, X. 
Calceolaria, FeiiiU, | IViitstemoii, L' Her It, i Euphrasia, X. 
Verbascum, X. ^Mimulus, X. Khmaiithus, X. 

Linaria, Tournef. Limosella, X. Pedicularis, X. 

Antirrhinum, X. Digitalis, X. Melampyrum, X. 


Afflnitiei. — This large Order exhibits considerable variety of conditions, 
whence its afiliiities become somewhat complex. It is frequently divided 
into tliree Suborders, thus : — 

1. Salniylossidexe, ^Estivation of corolla plicate or imbricate, two pos- 
terior looes outside. 

2. Apiirrhineee, Corolla bilabiate,* imbricate in aestivation, the pos- 
terior one outside the anterior one. 
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3, Bhinantlwa, -Estivation imbricate, the two lateral lobes or one of 
them placed outside. 

* The near connexion with Solanacefe, shown in the close relationship 
between Salpiylossis and Petunia y is mentioned also under that Order, 
where a reference is made to the proposed transfer of the Salpighmdoi 
‘ (marked above with an ♦) to the Oraer Atropacefle of Miers. Mr. jientham 
defines the present Order by referrinjr to Solanaceie the genera which have 
at once 5 staiiiens and a corolla plaited in a‘stivation ; Petunia has a 
plaited corolla and 6 stamens, which, however, are unequal and declinate, 
and thus approach to iSalpiylossiSy where tlie corolla is verj'^ similar, but 
the stamens truly didynamous. Verhascnniy having 5 stamens, is some- 
times refei*re& to Solana(?e«*e ; but one at least of the stamens is comiiioiily 
l^terile, and its corolla is imbricated. . In another direction, Scrophularia- 
ceee approach some of the forms of the very heterogeneo\is Logaiiiaceoe, 
and* Bentham regards it as advisable to refer Bvddkia and its allies, gene- 
rally counted among Scrophiilariacem, to that Order, as the only means 
of setting a definite boundary between the Orders, these genera having a 
transverse ridge connecting their op^)site leaves — an indication of the 
characteristic intei*petiolar stipules of Tioganiaccjc. With Orobanchacea?, 
again, the connexion’^'is close, especially through the root-parasitism of 
many genera, all of which approach closely in the gent‘ral structure of the 
flower to Orohanthe : for the carptds are really anterior and posterior in 
,that Order as they are here, and the main distinction is, that the margins 
are not folded-iit to form a dissepiment, so that Orobanchacem have pa- 
rietal instead of axile placentation ; to which is added their minute rudi- 
mentaiy "embryo. A general resemblance exists between the present 
Order and the other didynamous monopetalous Orders ; but (.Tesneraci*a% 
Pedaliaceoe,^nd Cresccntiacem have parielal placentas ; Bignoniacete and 
Acanthacem have exalbuminous seeds, and Lentibulaceie a free central 
placenta. ^ ^ 

The morpholog}’^ of the corolla in this Order is well deserving of atten- 
tipn ; curious monstrosities not unfrequently occur in cultivation, in which 
the normal irregularity is obliterated by a repetition of the pouches, 
^ spurs, or similar develonrnents fti each constituent petid, as in Linnria, 
where a o-spurred corolla occurs with a symmetrical limb (Pelorian \ a- 
rfety ) — in this instance the regularity is due to the increased minibor of the 
usually irregular parts (in other cases the flower becomes perfectly regu- 
lar by the complete absence of pouches and spurs), — Calceolaria with a 
* 'somewhat campanulate, regular corolla, 5:c. Many of the Scrophularia- 
ceas are piu*a.sitic upon the roots of other plants, as, for example, Melam- 
. "pyrum, Mhitumihufty and their allies, wliich, liowever, appear to b (5 only 
partly nourished in f his way, baying distinct roots ; they are remarkable 
for turning blaclj when dried ; Striya, an exotic genus, is still more dis- 
tinctly parasitical; andj&wc/d/ic/yt hiidrahade}ms\\^% scale-like leaves similar 
to those of Orohanche. In some of tin; genera (JMhnuhut &c.), wliere the 
style is divided at the apex,^ it is developed into two flat laminas, which 
exhibit irritability. 

DUitribYi^C— A very large group, the species of which are universally 
diifu 8 ed.B 9 ^^.ry, abundant. 

' 11^. U®es.-^More or less acrid, or bitter ; mostly unwhole- 

some ; scnnetihi^ deadly poisons. Diyitalis purpureay our native Fox- 
glove, ^ dfibmal plant, la an extremely powerful sedative poison, both 
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in the foliage and the seeds; the allied species B, lutea, ochrpleuca^ 
lofiujata^ &c, are equally active. The species of Verbascttm have a share 
of tiiis property, especially in the seeds. The Scrophularim^ lAnarimj and 
Veroniccfi are all more or less hitter and acrid, and suspicious ; Oratiok 
violently purgative and emetic. 

This Order is remarkable for the number of beautiful flowering herbs it 
contains. The Snap-dragon, or Dragon’s-mouth (Antirrhinum hajus), 
the species of Veronica j Minmlns (of which the Musk-plant, M. mojifchatus, 
is remarkable, among plants of this order, for its fragrance), Linaria^ PenU 
stemon, Calceolaria, Mauramlya, &c. are in every gardeq ; aild of their 
numerous exotic allies a long list will be found in all horticultural col- 
lecti(uis. A large number of showy-llowcred native weeds belong to this 
Order, such as tlie Toad-flax {Linaria rulyaris) and several other spei^bs 
of Linaria, the Speedwells ( Veronica), the lied llattle (Pcdictilarin) and 
the Yellow llattle (Rhinanthus) ( so called from the ripe seeds rattling in 
the dried inflated membranous capsules), the Foxglove, Mulleins ( Ver- 
hascum), &c. 


Order CXII. LENTIBULACEyE. Butter-worts) 

Class, Porsonatm, Endl, 'All, Biguhjiales, Lindl, Coh, Personales, 
Benth, et Hook. 

470. Diagnosis. — Small herbs growing in v ater or wet places ; flowers 
with a 2-lippod calyx aiidii non-hyoogvnous 2-lipped personate corolla ; 
stamens 2, with (conflueiit) 1 -felled anthers; ovary 1-celled, with a fix^e 
central placenta bearing several ‘nnatropous seeds, with a thiefc st^jiight 
enibyo and no albumen ; stigma bilabiate. ^ 

I Ll.r STR ATIVK 0 EXE II A . 
tJtricularin, L, | Pinguicula, low'nef. 

4 

Affinities. — ThisOrder is interesting, botli from the habits and appearance 
of the plants, and from its aifinitit's : — on the one hand with the irregular, 


Fig. 404. 


Fig. 405. 


didynamous monopetah)Us Orders, 
through Scrophulariacem, with 
which it agrees in the calyx, corolla, - 
and stamens; and on the other 
hand with the regular Moiiopetahe, 
through Primulacem, with which it 
is connected by the free central pla- 
centa. The structure of the leaves 
of the Utricidaria, especially that 
of their pouches or air-floats (flg. 

405) , is very curious. The plants are 

fmmd in all parts of the globe ; the ^ _ 

UtricnlaHte are aquatic, one curious BraziKah species (U, nelamhi^ 
folia) growing in the water retained in the axils of the sheathing leaves 
of a Tillandsia, Pingiiiada are bog-plants ; and P. vtdgaris is said to 
have the property of coagulating milk. 



Fig. 404. Flower of Vtrit^uUtria. 

■ Fig. 405. Air-sac of the leaf of Ufrieularia, 
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Subclass 4. INCOMPLETE. 


471a Dicotyledonous plants with., a green or coloured calyx and 
no petals, or with a calyx-like perianth of more than one whorl, or 
with the floral envelopes reduced to one or more bract-liko pieces, 
pr,altjjgether absent. Flowers often unisexual. 

“ The ^ibove characters are more or less artificial, and bind together a 
ratheiflieterogeneous series of orders. <Many of them are merely degraded 
fonn^*nf Thalamifloral or Calycilloral types. The group is sometimes 
divided into two subdivisions, called xMonochlamydefe ana Achlamydofe, 
according as there is or is not a true calyx or perianth surrounding the 
stamqjftS and pistil. Many of the plants in this gi*oup have unisexual 
flow^nf grouped in cones or catkins. 




BER CXIII. POLYGONACEE. The Sorrel Order. 


Oleracese, Endt, AIL S^jales, Lindl Coh. Clienopodiales, 
' Benth. H Hook, 


47X Diagnosis , — Herbs with alternate leaves, mostly furnished 
with stipules in ’the form of snealh^ (ocre<t’) above the swollen 
joint^of the stem ; the flowers mostly perfect, with a more or less 
peorf^ent perianth ; stamens hypogynous, or very rarely perigynous ; 
afirfielled ovary bearing 2-3 styles or stigmas, and a single erect 
orth^opous o\nile ; fruit a triangular nut enclosing 1 erect seed, 
usujlHy with farinaceous albumen and an inverted embryo. 


lLLUSTRATrV''E GeNEBA. 


Eriog^num, L. C, Rich. 
Bheii^^ L. 


Polygonum, L. 
Coccoloba, Jacq, 


Eumex, L. 


Afl^S&tSes. — The commoner plants of this Order may be distinguished 
by the peculiar ocreaceous stipules (fig. whicli^ however, are wanting 
in Ertof/onum and some other genera; the most distinctive charac- 
teristic 18 the solitary erect seed with its embryo havii^ the radicle turned 
upward ; this separates it ^om its neaf^ hllies, the (Jhenopodiaceje and 
^^marantacene, from which also the perianth and the ocrem remove it ; 
W 80 from the Nyctaginacese, to which the involucratc flowers and abortive 
stipules of Eridgonefe approach. There is a further relation to Caryo- 
^yllaceae through the I'aronychiacea). 

^Distrllmtionu — A large Order, the members of which are universally 
diffused, especially abundant in temperate clin^ates. 

' QnaUtieft and Usee. — The foliage of these plants is frequently cha- 
racterize by the presence of an acid juice, depending on the presence of 
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oxalic and malic acids, or by an acrid, pungent juice ; some are strongly 
astringent, while the roots are generally more or less powerfully purgative ; 
the starchy albumen of the seeds is sufficiently abundant in some species to 
furnish a valuable substitute for corn. Among the useful acidulous kinds 
are the garden Rhubarb, RImini u)%dulatmij li.palmatumj &c,; the Sorrels 
{Jluniex scututuSf It A cetosUj and JK. Acetosella) are familiar plants. liheum 
liibes is used for liavouring sherbet in the East; and some other exotic 
plants hpve like properties. Polygonum llydropiper^ a common* native 
weed, is very acrid, even vesicant when fresh. P Bistorta was foimerly 
in use as an astringent ; and Coccoloha uviferuy the Sea-side Grape of the 
West Indies, furnishes a very astringent extract. The Rl\ubarb of fhedi- 
cine consists of the roots of Rheum palmatum, imdulatmn, rhaponticumy 
Emodiy Wchhianimiy and other species ; the roots ^f Rumex alpinm were 
formerly used as a purgative under the name of Monk’s Rhubarb. Eago- 
pynim esculentuniy common Ruck-wheat, F, tataricum^ and other species 
are largely cultivated for food in the northern parts of Asibl and of Eastern 
Europe. The common Rocks are species of Ilumex, 


OliDER CXIV, NYCTAGlNACEyE. The Marvel-of- 
Peru Order. 

Class, Oleracesc, Endl, All, Chenopodales, Eindl, Coh, Nyctaginales, 
Benth, et Hook, 

473. Diagnosis. — Herbs, shrubs, or trees, mostly with opposite and en- 
tire leaves; stems tumid at the joints; llowers surrounded by an invo- 
lucre, with a dtdicato, tubular or funnel -sliaped petaloid perianth ; upper 
part ileciduous, lower part pei-.^istent, constricted above the 1 -colled, 1- 
seeded ovary, and indurated to form the pericarp (diclesium) ; stamens 1 
or several, sleiidor, hypogynuiis ; the embryo coiled round the outside of 
the mealy albumen, with broad foliaceous cotyledons and an inferior 
radicle. 

Illustrative Genera. 

Boerhaavia, L, | Miralnlis, L, | Pisonia, Plum, 

Affinities. — The nearest relatives of these plants are probably the Poly- 
gonacem, especially the tribe of Eviogonm ; but the inferior radicle and 
the peculiar fruit enclosed in the indurated base of the perianth are evi- 
dent distinctions. The stems of these plants, especially of the Pisonire, 
have a curious aiTangeiueut of their libro- vascular bundles. 

Distribution. — Natives of wail|l climates, chieily in the S. hei^isphere. 

Qualities and Uses. — The roots of the Nyctitginaceie are generally pur* 
gative ; and Mirabilis Jalapa was formerly supposed to be the source of 
medicinal Jalap. Mirai^lis dichotomuy the Marvel of Peru of our gaixleiis 
is remarkable for opening its llowers in the afternoon, whence it is termed 
die Four-o’clock Plant ; both thfe and AT. Irnigifioruy another cultivated 
species, are violent purgatives. 
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V ^ Order CXY, AMARANTACE.®. Amaranths. 

e * 

' Class, Olerace®, Midi All, Clienopodales, Zindl, Coh, Chenopodiales, 
JBenth, et Hook, 

^7 i,* Diagnosis , — Weedy herbs, with opposite or alternate exstipulate 
leaves, and spiked or capitate, bracteated iimorescence ; the flowers mostly 
with an imbHcated pepanth of dry and "scarious persistent bracts, often 
coloifred*, 3-5 in nulnber; occasionally unisexual; stamens 5-merous, hy- 
pogynous ; anthers sometimes 1-celled ; the one-celled ovary usually 1- 
ovulecf, ip one tribe (Celosie®) many-^yuled ; style I or 0 ; stigma sim- 
'ple or compoundj fruit a utricle, a cao^psis, or a berry ; seed pendulous, 
with the embryorcurved sound theNjii-cumferenco of farinaceous albumen ; 
the radicle near the hiluni. 

Illustkative Genera. 

Celosia, L, r Acliyranthes, L, 

Amarantus, L, Gomphrena, L, 

Aflaiilties.~No absolute cjy^aracter can be given to separate this Order 
from the Chen^poaiace® ; but the habit, especially the crowded bracteated 
inflorescence and the membranous 'perianth, renders them very different 
in appearance. Their more distant relations are the same as those of that 
Order. 

Distribution. — A large Order, the species of which are most abundant 
within the tropics, in dry, barren situations. 

Qualities and Uses. — Generali V with somewhat mucilaginous juice, 
seldom with active properties, 'fhe species oiAmarmituSj such as 
daim^ Love-lies-bleeding, and A, hypochomlriacus, Prince’s-hVathers, are 
well known in gardens fgr their bright-coloured and persistent blossoms — 
as are also the tnore tender Globe Amarantus {Gompht'ena) and the 
Cock’s-comb {Cdosia cristata)j the latter remarkable for its fasciated 
, flowering^stem. 


OrdeHCXVI, CHENOPODIACE.;®^ The Spinach Order. 

Class, Olerace®, Endl, AU, Chenopodales, Imdl, . Coh, Chenopodiales, 
Bmth, et Hook, 

^ 475. Diaana ;^. — Chiefly herbs, of weedy aspect, more or less 
incqdlent; leav^ mostlyralto^|e ; no stipules, Bor scaiiouS bracts ; 
flowers perfect, pcjlygamotw ot ^^linous, minute, greenish, with the 
.'free perianth imbricated in the bud ; the stpmens as many as the 
peria^h-lbbes, Qi*®arely fewer, and inserted opposite to them or on 
, fhemDRSes; fte 1-eelled ovary bocdming a 1-seeded thin utricle or 
an.aehaenium; embryo coiled into a ring (around the albumen when 
present) or spir^. ’ 
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Illustrative Genera. 

Salicornia, Toiirnef, Blitum, L, 1 Chenopodium, X. . . 

Atriplex, X. Beta, Tournef. | Salsola, X. 

Affinities. — Closely related to Amarantacese, but differing in babit and 
in the sum of the cbaracters. From the Pliytolaccaceas they diff*er in, 
the simple ovary and the stamens equal in number and opposite to the 
segments of the perianth ; from ^dermithecB they are separated by the 
simple ovary, the usually alternate' leaves, and the distinctly hypogynous 
condition of the stamens; from the ’particularly by the ab- 

sence of stipules ; through the Paronychiacem they are nearly related to 
Caryophyllacem. ‘ , 

Distribution. — A large Order, generally diffused in waste places or in 
salt-marshes ; most abundant outside^, the tropics. ,i<‘ 

Qualities and Uses. — Generally bland and innocuous, the foliage often 
rendering them valuable as pot-herbs, and their roots fut*nisbing food for 
cattle ; sometimes with anthelminth; and aniispasmodic properties. The 
maritime hinds were foniierl}^ of great value irom the quantity of soda 
ohtained from their ashes. Spinach (^Spimicid oltraceu). Orach (Atriplex 
hortetmis) j and English Merinry (^Chenopodhmi Horms Henricus) belong to 
this Order ; also the Beet and Mangold Wurzel {Beta tulyaris and Cycla), 
hV(mi the juice of tlie Beet, sugar is oxtraclied in considerable quantities, 
Chenopodiim anthelminticvm yields an essential oil, used as an anthelmintic 
under the name of Worm-seed Oil ; C. ambrosioides and Botrys also have 
an aromatic, autispasmodic essential oil ; Chenvpodwm Qninoa forms tubers 
like potatoes, which are eaten in Peru, ikdaola tSodUy iSalicornia herhaceay 
and other species (Glass-wort), with species of AtripkXy iSchdberia, &c., 
abound in salt-marshes, and were formerly much used in the preparation 
of barilla. SeveraJ species of L'hnopodium and Atriplex abound in waste 
places, forming, wdth various kinds of Bock and t.>- 

tica (Nettlej, the most comspicuous weeds of neglected cultivated ground. 

(BASKLLACEit: avo a small Order of plants closely related to^Chenopo- 
diaceie, chielly distiuguishcd by the presence of a double, coloured perianth 
and perigvnous stamens; they are tropical climbing herbs or shrubs. 
8ome species of Baaella are used as Spiuach ; Ullucus tuherot^m has a 
tuberous root, used in Peru like the Potato.) 

(PiiYTOLACCACEJE proper are nearly connected with Polygonaceae and 
Chciiopodiaceae, differing from both in the presence of a number of cu- 
pels, from the former also in the absence of stipules, from the latter in 
the stn mens exceeding the lobes of the perianth. JPhytoktccea; pass into 
retiverieco bv the occurrence of 5 separate carpels in Giesekiay while JRaina 
lias little olliumen ; the Betivenea would then connect this Order with 
the Sapindacete and their allies, while the columella of 4ihQyjyrostemom<B 
would mark a distant affinity with tho^Malvalfceao. 

Distribution. — A small Order, scat^red in all ^arts of the world. 

Qualities and Uses. — ^More or less acrid, purgative, or emetic.) 

(PETivKRiEiE, separated by some authors, have stipulate leaves, single 
ovary, exalbuminous seeds, and a straight embryo with convolute coty- 
ledons ; and Gyrostemonbl® have unisexual flowers, the cai’pels arranpd 
round a columella, twin suspended ovules, albuminous seeds, with a hooked' 
embryo having linear cotyledons, and* an inferior radicle.) 

q2 
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• Order CXVII. LAURACEj®, The' Bay Order. 

Class, Thymeleas, JEndL All, Daphnales, Zindl, 

Benth, et Hook, 

47 G, Diagnosis , — Aromatic trees or shrubs, with 
alternate simple leaves, sometimes marked with 
pellucid dots, and flowers with a regular perianth 
of 4>-6 coloured sepals, which are barely united 
at the base, imbricated in 2 circles in the bud, 
free from the 1-celled ovary containing 1 or 2 
pendulous ovules, and mostly fewer than the 
stamens; anthers opening by 2 or 4 lid-like 
valves (fig. 400) ; fruit a berry or a drupe ; seed 
without albumen ; radicle superior. 

Illustrative Genera. 

Cinnamomum, Bunn. Sassafras, Nees, Laiirus, Tournef. 

Camphora, Kees. Tetrantliera, Jacq, Cassytha, L. 

Nectandra, Bottl, 

A£anities. — The peculiar operculate dehiscence of the antliers distin- 
guishes this Order from most of the allied Monochlamydeoiis groups: from 
Atherospermacese, wliich share this character, Lauraceie are distinguished 
by their solitary carpel and pendulous ovules. The I iauractije have also alli- 
mties with M}Tisticaceje in tlie (qualities of their products ; but the struc- 
ture differs widely. Cassytha is a remarkable form, having a twining 
parasitic leafless stem like bearing true Lauraceous flowers. The 

fruit of some genera is cuiiou.s, as that of Dehaasioj which is borne upon 
a thickened peduncle, somewhat like that of Anarcardimn, 

Distribution. — A large Order, piincipally found in cool situations in tlie 
tropics; one (Laurm nobilis) is a native of Europe, and a few of North 
*America. 

Qualities and Uses. — The most marked properties of these plants depend 
on the presence of aromatic oils and Camphor; but tlie bark of some has 
valuable tonic and febrifuge qualities, the timber of many kinds is valu- 
able, and the Order affords a numher of edible fruits. 

True Cinnamon is the bark of Cinnamomum zeylanicmn ; Cassia-bark is 
derived from C, Cc^sia and other species ; many other trees of the Order are 
noted for the possession of an aromatic bark of similar character, and furnish 
false Cinnamons in South America and other countries. Camphor is pro- 
duced in the wood, branches, and leaves of Camphora officinaninij and is 
obtained by dry distillation ; some species of Cinnamomum contain a con- 
siderable quantity of this substance. The aromatic fruits of some of the 
Lauracese furnish false Nutmegs, the Clove-nutmegs of Madagascar being 
the seeds of AgathophyUim aromaticmiy the Brazilian Nutmegs those of 
Cryptocarya moschata^ &c. 

Ilia bark of Nectandra Bodian, the Bibiri of Guiana, is said to be a 


Coh, Laurales, 
Fig. 400. 



Stamen of Lauras. 
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valuable febrifuge ; the bark of the root of Sassafras officinale is highly 
esteemed in North America for its diaphoretic powers; Boizoin odori^y 
ferum lias similar properties, and the oil of its aromatic berries is stimu- 
lant. The fruit of Persea tjratissima is the highly praised West-Indian 
Avocado Pear ; it contains much fixed oil. 

The timber of Nectayidra Rodim is the Green-heart wood of Guiana^ 
remarkable for its hardness and solidity; Persea indica furnishes a kind of 
coarse mahogany in the Canaries. Camphor- wood is sometimes used by 
cabinet-makers on account of its odour. Lauru6 nohilis, the Bay-tree or 
classic Laurel, is a native of the South of Europe, and is hardy in the 
south of England ; its aromatic leaves are used for flavouring confectionary 
(these must not be confounded with those of the Cherry-laurel, which 
contain much liydrocyanic acid) ; a concrete green oil, called Oil of Bays, 
is obtained from it. 

(The ATiiEnosPEiiMACEJE are trees like Monimiacege, but with the 
flowers st)metim(\s perfect, the anthers opening by lid-like valves, and the 
«albuminous seeds erect ; the nuts are enclosed in the tube of the perianth, 
and the persistent styles grow out into feathery awns, whence the plants are 
calh'd Plume-mituK'gs. They are chiefly distinguished from Monimiaceee 
by tlu'ir anthers, whicli rcsiimble those of liauracejn, from which tliey are 
distinguished by th(‘ apocarpous ovaries, the diclinous flowers, and erect 
albuminous seeds, end are allied to MyristicacGiTe by the diclinous flowers 
and aromatic albuminous seeds. The valvate anthers here, as observed 
by ])r. Hooker, indicate affinity to Berberaceoe rather than to I-.aurace{B. 
Two of the genera, Laurelia and Atherospermuy are natives of Australia ; 
Domphora is Chilian ; they have fragrant properties, and a decoction of 
the bark of A. moschata is sometimes used as a substitute for Tea.) 


Order CXVIII. MYRISTICACEiE. 

The Nutmeg Order, 

Class. Pol 3 xarpic 00 , JEndl. A ll. Menispermales, Lindl. Coh, Laurales?, 
Renth. et llook, 

477. Bia(inosis . — Tropical trees with alternate, entire, leathery, exsti- 
pulate dotted leaves; flowers diclinous, npetalous, clustered or racemose; 
p('vianth M- or rarely 4-fid, leathery, valvate ; stamens of the baiTen flower 
distinct or monadelphous ; anthers perfect, extrorse ; perianth of the 
fertile flower deciduous ; carpels solitary or numerous, rarely 2, and dis- 
tinct ; ovules 1 in each cell ; fruit succulent, containing a-seed surrounded 
by a lobi^d arillus, and having a small emVyo in copious oily-fleshy 
ruminated albumen. 

Illustrative Genera. 

Myristica, Z, ] Ilyalostemma, Wall, | Virola, Auhl. 

Affinities.— -The nearest relations of this Order are with the apocarpous 
Thalamiflorous Orders, more particularly Anonaceae, with which they 
agree in the dotted leaves, valvate cestivation, extrorse anthers, apocarpous 
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ovaries and ruminated albumen ; but the flowers are usually perfect in 
tthat Order. The structure of the seeds connects Monimiaceao and Athero- 
spermacefe with this Order ; but they have opposite leaves, besides other 
peculiarities. In many points they resemble Map:noliace{e, but differ in 
the valvate calyx, absence of corolla, monadelphous stamens, solitary car- 
pel and ovule. [The resemblance to Sterculiacem seems to have beiui 
overlooked ; nevertheless there are many points of contact between the 
present family and the tribe Sterculiem, in the apetalous unisexual dowers, 
the valvate calyx, the monadelphous stamens, the arillate seeds. — Ed.]. 
In their active qualities and habit they somewhat resemble Lauracese. 

Distributions — Tropical India and America; most numerous in the 
former. 

Qualities and Uses. — Aromatic and acrid. The common Nutmepr is 
the seed of Myristicn moschata (^loluccas), Mace being the laciniated 
arillus suiTOunding this. Coarse, inferior Nutmegs are obtained from 
M. Otoha in Brazil, AT. spuria in the Indian islands, and othem of the 
numerous American and East-Indian species. The bark and the rind of 
the fruit are acrid. 

(Lacistkmaceu® are a small group of s^hrubs belonging to the woods 
of tropical America, with apetalous, polygamous or diclinous flowers, and 
a 1-celled ovary with parietal placentas. Their position is doubtful ; they 
have an amentaceous inflorescence, a perianth like that of Urticacenc, fila- 
ments like those of Chloranthacene, and an ovary lilv(' that of Samydacem 
or Bixaceao, with arillate seeds as in the latter Order.) 

(Gabryace^. — A small Order of shrubs of North-west America, and 
having amentaceous inflorescence, unisexual flowers, a 2-4-parted peri- 
anth, definite stamens, and a l-»‘l-celled inferior ovary with 2 pendulous 
ovules ; seeds with a minute etnbiyo in abundant albumen. They differ 
from IIamamelidace 80 in their apetalous flowers, definite stamens, and 
baccate fruit.) 

(Helwingtace.® is an Order foimded on a Japane^se .shrub which b(‘ars 
the fascicles of flowers adherent to the midribs of the l(‘ave.s (P) ; it differs 
from GaiTyacem in having the inferior ovary 3-4-celled, with an ovule in 
each cell. These plants are usually placed among diclinous ^lonochlamyds, 
but they appear to have relations ^vith Santalaceaj, Hamamelidaceae, and 
Comaceae. They have no important properties.) 


Order CXIX. LORANTHACEiE. The Mistletoe Order. 

Class, DiscanthsB, End\ All, Asarale.s, Lindl, CoH. Santalales, 
Bmth. ct Hook, 

, 478. Diagnosis , — Shrubby plants with leathery greenish foliage, 
parasitic (naturally grafted) on trees ; loaves opposite, cxstipulatc ; 
flowers perfect or diclinous ; perianth adherent, with 4-8 lobes ; 
stamens 4-8, opposite to the segments of the perianth ; ovary inferior, 
l-ceUed, with 3 ovules pendulous from a free central placenta, or 
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1, eroct, arising from the base of the cell ; fruit succulent; seed 1 ; 
embryo in fleshy albumen ; radicle remote from the hilum. 

Ili.ustiiative Genera. 

Viscum, Tonrnef, | Loranthus, L. | Myzodendron, Sol 

Affinities, —Those remarkable plants are distinguished by their peculiar 
parasitic habit. 'J'lioy are nearly allied to Santalacea), presenting, like that 
Order, a naked nucleus as the representative of the ovule, and are further 
characterized by the strange extrusion of the apex of the embryo-sac before 
or after fertilization. Besides the curious structure of the bowers, they 
have an anomalous organization of the wood, which has no medullary 
sheath of spiral vessels, but contains scalariform tubes. The germination of 
the seeds exhibits some interesting phenomena : in Viscum the seeds adhere 
to the young shoots of trees by means of the viscid pulp of the fruit ; in 
Mjizodemh'on tlien' are long feathered processes, which coil round the 
branches on which they settle ; in either case the seeds are retained in 
contact with the surface of the shoot upon which they rest, where they 
germinate and push their radicle through the bark, down to the cambium- 
layer, with which they contract an organic adhesion and become grafted, 
just as a bud does in the ordinary gardening operation of budding 
Itoses, &c. 

Distribution* — A large Order, of wbhh some are European, as Viscum alhujn 
and Loranihm curo/unisi the majority belong to the hotter parts of Asia 
and America ; Myzoderidron belongs to the temperate parts of the southern 
hemisphere. 

Qualities and Uses. — Some of the plants have astringent properties; 
but the most important product pmhaps is the viscid pulp of the fruit 
of Viscum (dhum, which is used for making bird-lime. The curiosity 
attaching to the parasitic habit is the most striking feature in this Order, 
most of the plants growing like our common Mistletoe, Viscum alhum'^ 
this appears capable of grafting itself on a wide variety of trees, being 
most common on the Apple-tree with us, but occurring on Thorns, Wil- 
lows, Limes, Oaks, Elms, and even on Fir-trees, 


Order CXX. SANTALACEA?. The Sandal-wood Order. 

Class. Thymelcsa, EndL All. Asarales, Zindl. Coh. Santakles, 
BentJis et Hook, 

479. lymgnosis, — Herbs, shrubs, or trees with entire leaves ; the 4-6- 
cleft perianth valvate in the bud, its tube coherent with the ovarv. Sta- 
mens opposite to the lobes of the perianth ; ovary 1 -celled with 2-4 
ovules suspended from the apex of a free stiUk-like central placenta arising 
from the oase of the cell; the indehiscent fruit 1 -seeded; seed with 
abundant albumen filling the pericarp ; embryo straight ; radicle superior. 

Illijstrativr Qrnkea. 

Thesium, X. | OsyriSj^X. | Santalum, X. 
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Affinities. — Tlie definite pendulous ovules, consisting* of a naked nucleus 
'attached to a free central placenta and protruding the embryo-sac before 
or after fertilization, are very remarkable and striking characters in this 
Order ; the entire seed is formed in the embryo-sac, outside the nuclous. 
The nearest relations are probably with the Lorantliacem, which, however, 
difier in habit, being stem-parasites, and having loss complete and some- 
times imperfect flowci*a. Thesium is partially parasitic on the roots of 
other plants. There is a more remote relation to Olacacem and allied 
Orders. 

Distribution. — A small Order: the European and North- American species 
are inconspicuous herbs ; in India and Australia they are shrubs or small 
trees. 

Qualities and Uses. — Sandal-wood, the wood of Santalum alhf/m, is 
perhaps the best-known production of this Order. The seeds of the 
Quandang Nut (Fimanm acuminatus) are eaten like almonds in Australia. 
Some species are astringent. 


Order CXXI. TIIYMELACEiE. The Lace-bark Order. 

Class. Thymeleae, FtidL AIL Daphnales, LindL Coh. Laurales, 
Benth et Hoolc. 

480. Diafjmsis. — Shrubs witli an acrid and \ory tough (not aromatic) 
bark, entire leaves, aijd perfect flowers, with a regular and simple, usually 
coloured perianth, bearing ordinarily tudce as many stamens as its lobes, 
free from the 1-celled, 1-ovuled ovaiy; seed suspended; albumen none, 
or sparing ; radicle superior. 

Illustrative Genera. 

Daphne, X. Lagetta, Xws. 

Pimelea, Banks Sol. Ilemandia, Plii?n, 

Affinities. — Among the Monochlamydeous Orders this may be distin- 
^guLshed from Santalaceae by its free ovary; from Elmagnacere by its per- 
lect or polygamous flowers and pendulous seed ; from Ijauracere by the 
longitudinal dehiscence of the anthers; from Proteaceae by its pendulous 
seeds and imbricated perianth. The flowers are mostly perfect, but poly- 
gamous in the tribe Hcrnandierp^ The liber is developed in numerous 
separable layers in the bark of these plants. 

Distribution. — A rather large Order, most abundant at the Cape of Good 
Hope and in Australia, but {ound sparing-ly in all other parts of the world. 

Qualities and Uses. — The bark is usually acrid, and that of Mezoreon 
(Daphne Mes^reum) and other plants is used as a local irritant ; taken 
internally it is an irritant poison. Daphne Laureoluj the Spurge Laurel, 
another native species, has similar qualities-— as also D. Cnidium and D. 
pmiica, favourite garden shrubs, and other species. The liber of LatjeUa 
liniearia (West Indies) is separable into lace-like laminm, whence *it is 
called the Lace-bark tree, and the liber of some Daphnes furnishes useful 
fibres, and in other cases is manufactured into paper. The berries of 
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Daphne are poiJonous ; but the seeds of Imcarpm edtdis are eaten roasted 
like chestnuts. Daphne^ Pimeleaj and some other genera include many 
handsome cultivated plants, the perianth being petaloid, 

(AQiTii.AitiACK^ are a small group of plants, of tropical Asia, nearly 
related to Thynielacete, but having a 2-celled ovary, and sometimes a 
2-valyed dehiscent capsule; one ovule is sometimes abortive; and the 
fruit in some cases is an indehiscent succulent berry. The heart-wood of 
Aquilaria orata and A. Afjallochum are known tis Eagle-wood or Aloes- 
wood, and contains a resinous matter of stimulant quality. Genera : Aqui-^ 
lariaj Lain. ; Crijriuopm, Gaertn.) 


OiiDER CXXII. ELiEAGNACEiE. 

Clnsi^. Tliynieleaj, EndL AIL Ament ales, Limll. Coh. Laurales, 
Eenth. et Hook, 

481. Difif/nosis . — Shrubs or small trees with silvery -scurfy leaves and 
mostly din •cions flowers: perianth fr('e from the ovary, its tube becoming 
pulpy and berry-like in the fruit : stamens as numerous as the lobes of 
the perianth and alternate with them or twice as many; ovary 1-celled, 

1 -seeded, seed ascending; embryo straight, with thin albumen and an 
inferior radicle. 

Iltatstuative Genera. 

Ilippophae, L, | Elajagnus, L, 

Affinities, &c, — This is a small Grder, geiiernlly diffused in the northern 
lieniisphore, senn rated from the Thymelacere by the ordinarily dioecious 
structure and tlio n.sc(‘nding ovule ; Ekeaffnns, which has perfect or poly- 
gamous dowers, forms the link. From Proteacete they are separated by 
the valvate calyx and the indehiscent fruit. The scurfy scales upon tho 
leaves are elegant inicroscopie (djjoets. The berries of Ilippophae rluwi'- 
?ioi(ksj Sea Bueklhorn, common on our sea-eoast, are sometimes used in 
fish-sances, but arc said to liave narcotic properties. Those of Elceagnus 
orinitalis are eabm in Persia, and those of other specie^ in India. Thd 
dowers of sortie species are very fragrant. 

OiiDEH CXXIII. PROTEACE.E. 

Class, Thymeleflo, End!. All Dfiphnnlm,' Lvidl Coh, Laurales, 
Iknth, et Hook, 

482. Diagnosis , — Shnibs or small trees usually with umbellate 
branches ; leaves hard, dry, opposite or alternate, exstipulate ; 
flowers apetalous ; perianth 4-cleft, valvate ; stamens 4, opposite to 
tho segments, sometimes partially barren ; anthers opening longi- 
tudinally ; ovary single, simple, free, with 1 ovule, or 2 or more 

q5 
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ovules in ,2 rows, ascending ; seeds without albiftnen ; embryo 
straight ; radicle inferior. 

Illustrative Genera. 

Protea, i. Ilakea, Schrad, 

Grevillea, R, Br. Banksia, L.Jil, 

Affinities; — ^The remarkable habit of these plants is a striking cha- 
racteristic ; and, besides the rigid foliage, we have the valvate perianth, 
with the stamens opposite the lobes, and the rndiele pointing to the base 
of the ovarj", to distinguisli this Ord(?r from the Thyinelacem and nearcvSt 
Monochlamydeous Orders. The structure of the stomata of the coriaceous 
leaves is very curious, and presents many modiiications. 

Distribution. — A large Order, the species of which are found chiefly at 
the Cape and in Australia. 

Qualities and Uses. — The wood is perhaps the most valuable product 
of these plants, being largely used for firewood where they abound ; some- 
times it is used for joinery when hard wood is r^(fuired. The striking 
character of their evergreen foliage, and the brilliant colours of the heads 
of flowers, render them very great favourites in culti\ation, and the 
genera above cited will be found in most large collections of greenhouse 
shrubs. Mitcadamia temifoUa furnishes an edible fruit. 

(PEN.EACE.E are a small Order of Cape evergreen shrubs, related to 
, ProteaceJB^ but havirtg a 4^celled ovary, 4 stigmas, and .a 4-celled de- 
hiscent or indmiiscent capsule. The drug called Sarcocol has been 
supposed to be derived from some of these plants ; hut this is doubtful. 
Genera : PerKBUj L. ; SarcocoUaj Kth. ; Gemoloynn, Lindl.) 

(Empetrace^e are low shrubby evergreens, with the foliage and aspect 
of Heaths; the flowers are small, diclinous; the perianth consists of 4-G 
persistent hypogynous scales, the innermost sometimes petaloid ; stamens 
2-.3, alteniate with the inner scales ; ovary free, on a disk, 2-9-celled ; 
ovules solitary ; fruit fleshy, with 2-0 nuts ; seeds 1 in each nut, ascend- 
ing, albuminous; radicle inferior. These plants have the appearance of 
JEricacese, the Mit even being like that of VaccimeePf while the stigmas 
and the general structure of the flowers are Tiuphorbiaceous ; but from 
the Euphorbiacene they differ in the ascending seed and inferior radicle. 
They are mostly natives of Northern Europe and Norfh America. The 
leavfes and fruit are slightly acid Ind agreeable ; thp berries of Empefrum 
nigrum, the Crow-berry, are eaten ; the Greenlandeis prepare a fermented 
liquor from them. The Portuguese use the berri^ ot ^ Coreina. Genus 
JSmpetrum.) ^ 

{BoUb maritimaj a succulent shigub, founil in the salt-marshes of the 
We»t Indies, is sometimes made the type of an Order, but is regarded by 
Lindley as yeiy close to Emnetracese. Others place it near to Tamaris- 
ciness. It is sometimes used in West-India picMes). 
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Order CXXIV. EUPHORBIACEiE. The Spurge Order. 

Class. Tricoccjo, Endl. All. Euphorbiales, Lindl. Coh. Euphorbiales^ 
Benth. et Hook,. 

483. Dlat/nosis, — Herbs, shrubs, or trees, mostly with a milky 
acrid juice, and various, usually monoecious or dioecious flowers ; the 
fruit of 2-3 or several 1-2-seeded carpels, united round, a central 
column, separating when ripe (carpel rarely solitary). 


Character. 


Flowers diclinous, axillary or terminal, sometimes enclosed in a cup- 
shaped involucre. 

Caljf.v inferior, with internal glandular or scaly appendages, some- 
times wanting. 

Corolla, of petals or scales as many as the sepals, or wanting. 

Stamens definite or indefinite, distinct or monadelidious; anthers 
2-celled, sometimes opening by pores. 

Ovarif free, sessile.or stalked, 1-, 2-, 3-, or many-cellcd ; styles as many 
as the cells, distinct or combined, or wanting ; stigmas combined 
or separate and bifid; ovules 1 or 2, suspended from the inner 
angle of each cell. ^ 

Fruit dry, the carpels splitting and separating elastically from the 
axis, or succulent and indehiscent ; seeds suspended, 1 or 2 in 
each cell, often with an arillus ; embryo in fleshy albumen ; radicle 
superior. 

Illustrative Genera. 


Ilura, L. 
Ilippomane, L. 
Ccclebogyne, J. Sm. 
Mercurialis, L. 
Acal}"pha, Z. 


Jatropha, Kth. 
Rieinus, Tournef. 
Ilottlera, JRoxh. 
Croton, L. 


Euphorbia, L, 
Cluytia, Ait, 
Xylophylla, L. 
P%llauthus, L. 


ilfRnitics. — As the more familiar foipis of this Order are cither apeta- 
lous, or even destitute of a calyx, it is usually arranged among the Mo- 
noclilaniydeoQ in elementary works ; but a large pro^rtion of the exotic 
genera nave the Corpjlla represented either by scales or petals. The 
common Spurges (Miphorbia), the principaf native representatives of the 
Order, have a very remarkaWe inflorescence, liable to be mistaken for a 
simple flower ; thei'e is a cup-like involucre, within which are formed a 
number of stamens with an articulation in the filament, together with a 
stalked tricarpellary ovary (fig. 407), The stamens each repr<?8ent q. male 
flower reduced to its lowest term ; for a minute bract exists at the base 
of each filament, and in some species a perianth occurs at the articula- 
tion, which is, in fact, the base of the flower; the ovary in like manner 
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represents atfemale flower. This is well illustrated Jby the exotic genus 
Mmwiaxts (fig. 408), wl?ere the. cup-like involucre is replaced by scales, 
and, instead of the jointed filaments, we find several stalked male flowers, 
wdth perianth and stamens, sunounding one female flower. 

Fig. 407. Fig. 408. 



Fig. 407. a, Yortifal portion of tho invohuTo of Eitph(»'?)ia LnfhyriSt containing one stalked 
pistill/itt* flower and nix tnonandroiia staiuinato How ora; ft, ft, staminato flowers of 
other species of Euphorbia, the left-hand without a perianth, the right with a small 
perianth at the liase of the stamen. 

Fig. 40?. Movotaxiii (ridentaUi ; tt, involuere, with one pistillate and several ataminate flowers; 
ft, a soparat<,* stand mite, c, a separate pistillate flower. 


Three is the ordinary niimher of carpels : hut Merctinalis has but two, 
and sonie exotic §enera but one ; on the other hand, or (‘ven 15 (ITifm) 
are occasionally present. The fruit is usually dry and doliiscent, but in 
iSlfircococt t? succulent. Considerable vaiiety of habit occurs ; stmie of the 
forei^m J:’v}>horhice have fleshy, spiny stems, somewhat resembling those 
of the. C'actacea), Xi/hpltt/lla and rhylhnihus having leaf-like flowering 
branches; and a miinher of large tropical trees belong to this Order. 

Were it not for the- diclinoiw .“tructurc, these plants w'oiild approach 
very closely to Malvacece and their allies, the c6n)position of the ovary 
being rnalogons, and the stamens often monadelphpUS ; Aleurites^ Jairaplia,^ 
and other genera having a corolla much resemble Malvacea? ; and there is 
a further affinity to Khamnacea}. On the other hand, looking to tlndr 
diclinous character and frequently incomplete flowers, they approach the 
Urticacefe, from which they are, a,s a whole, distinguished by their com- 
pound ov aries : such genera as EremocarpttSj having but 1 carpel, connect 
the tw'o gi’oups. Some of the genera have stinging hairs like Urticaceoo 
{Jatrophd), 

Distribution. — A very largo- Order, generally diffused over the globe j 
especiall^ii'abundant in EqiiiiiDctial America. ^ 

Qualities and Uses. — These plants mostly produce a lactescent juice, 
which contains caoutchouc; the watery part of this sap is generally more 
or less acrid, purgative, emetic, or powermlly poisonous, from the presence 
of a principle dissipated by heat ; starch abounds in the roots of some 
kinds, while oil of a purgative character is common in the seeds ; the bark 
of some of the trees has tonic properties ; the wood of several is very 
vduable for its hard, close texture ; and several of the plants furnish dyes. 
The lactescent juice of Siphonia elastica is jfhe source of the bottle’^ 
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Caoutchouc of Brazil and Guiana ; Aleurites lac^fera yields Gum lac in 
Ceylon ; Huphorhia antiqiiorum and E. canariemts are believed to yield 
the gum-resin called Euphorhiura. The common Spurges {Euphorbia) 
have purgative properties; tlie root of E, Ipecamanha is used as an 
emetic in North America ; and the species oilSlercunalis have* similar 
propertied, especially M, perenm\ which is unsafe to use, since it produces 
viofent purging, and even sometimes convulsions and death. The most 
deadly member of the Order seems to be th'\ Maiichineel {Ilippomane 
Manvinella)^ a Panama plant, the juice of which is so acrid as to cause 
ulceration when dropped on tlie skin, and its apple-like fruit has a vesi- 
cating juice ; the juice oi Excwcaria Afjallochum and Ilura empituns has 
similar properties. 

The oily seeds are mostly purgative : Croton oil is expressed from those 
of Croton Tiglium and Pnvann {East Indies); Qastpr-oil from those of 
commwm, in which the purgative property is found to reside in 
tlu' embryo, not in the alhuintm : the s(*(hIs of Hura crepitans and Curcas 
iJntrophn) pnrt/ans^ the ‘‘Purging-nut,” are violent cathartics, and those 
of Euphorbia Lathyris are sometimes employed in the same way. The 
solid oil obtjiined from the s(‘(*ds of Sfiltinf/ia sehifera, the Tallow-tree, is 
used for making candh's in China, (htscarilla bark, with tonic properties, 
is obtained from Croton Ekuicria (Bahamas) ; C. pmida-qnina and other 
species have* similar qualities. (MJteldia africana is the African Teak- 
tree. Crozophora tinctorin furnisln.‘s the tlye called Turnsole; Rottlera 
iinrtoria (East Indifs) a scarlet dye. 

'fhe ]mre starch «djiained by grating and Avashingthe roots o{ Jatropha 
MajiihoCi ^fanihot ufilissima) forms, under the name of^landioc or Cas-» 
snva, a most important artich* of fH)d in South Ameiica: the finer par- 
ticles of starch, softened by heat, and aftt‘rwnrds granulated, constitute 
Tapioca. The washing nmioves a narcotic poisonous matter which exists 
in the sap: the Indians dissipate this principle by heat, simply roasting 
the roots. It is a shrub about feet high, Avilh a large root, sometimes 
weighing oO lbs., and is cultivated all ovtu* the tropics, but especially in 
America. 

(Buxack^T 5 constitute a very small Order, formerly included among 
Euphorhincem, but differing in the absence of milky juice, in the loculi- 
cidal capsules, ovules pendulous from the inner angle of the cells of the 
ovarv, micropyle superior and intornal. The leaves of the common Box 
( Eujrtfs) are purgative ; the wood is specially used for engraA'ing and for 
turners^ purposes). 

(Daphnipiiyllacejr are constituted by Miiller, of Argau, a distinct 
group, dillering from the tAvo preceding in their small embryo, concealed 
ill albumen). ^ 

(S( EPACEJB are a small gi’oup of East-Tndian plants, allied to Eiiphor- 
biacem, but having the tloAvers in catldns, thus forniing a transition to 
the Cupulifera) and Botulaccas. Genera: Lindl. ; LqmhstachjSy 

Wall.) 
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Order CXXV. URTICACEJE. The Nettle Order. 

Class. J aliflorsB, JSndl, All. Urticalea, ZtrM Coh. Urticales, JBenth. 

et Hook. 

484. Diagnosis. — Herbs, shrubs, or trees with stipules and mon- , 
cecious or dioecious or, rarely, polygamous flowers ; perianth regular, 
free from the 1-celled (rarely 2-celled) ovary; stamens equal in 
number to the lobes of the perianth, and opposite to them, or some- 
times fewer j^incoiling elastically embryo straight in the albumen 
when this i^resent, the radicle pointing upwards. 

This Order is divided into the following tjfibes : — 

1. UnERKiE. Leaves with stinging-hairs ; leaves opposite, or if 
alliemate arranged spirally; perianth of female flower 4-partcd, 
rarely tubular, always free. 

2. Procride.e. Leaves without stinging-hairs ; leaves opposite, 
or if alternate distichous ; perianth of female flower free, .‘l--5-j)arlcd ; 
stigma brush- like. 

3. Boeiimerilve. Plants witliont stinging-hains ; leaves alternate 
or opposite ; perianth of female flower free or adjiate to the ovary, 
frequently tubular, rarely very short. 

4. Parietarte^e. Plants without stinging-hairs : loaves alter- 
nate ; flowers dicecious or polygamous ; perianth of female flower 
tubular, free. Inflorescence bracteate. 

5. FoRSKonLiEJi:. Plants without hairs or with hardened hairs ; 
leaves alternate or opposite ; flowers diclinous, involucrate ; perianth 
of female flower tubular or wanting. 


UREREiE. 

Urtica. 

Urera. 

pROCRIDEjE. 

l^ilea. 


InnusTBATivE Genera. 


! B<ehmkriKaE. Forskotilie;e. 

I Boehmeria. Forskohlia. 

' Parietabieje. 

I I’arietaria. 


AflSnities. — This Order is jiearly related to the Malvaceae and Enphor- 
biaceaj on the one hand, and to th«> amentiferous Orders on the othfT ; 
diflering from the foraier in the simple ovary, from tj^* hitter in +he usual 
presence of albumen in the seeds, ana in the flowers riot being arranged in 
catkins. There is a further relation to the Chenopodiacere, which, how- 
ever, besides the circumstance that they are only occasionally diclinous, 
have the embryo cun^ed roimd the outside of the albumen. 

XMstrlbution. — The TJrticec^ are generally diffused, but are much more 
abundant in the intertropical regions than elsewhere. 
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Qualities and Uses. — Edible fruits and valuable fibres are the principal 
products of this Order. • 

Bahmerin ( Urticd) nivpa furnishes the fibre for Chinese Grass-cloth,” 
or llamee ; B. Pvya yields another valuable fibre 5 and the fibre of the 
Stinging^-Nettle ( ITrtica dioica) was formerly used j U. tenacisaima furnishes 
cordage in Sumatra. 

(Cannautnace.e constitute a small group often in- 409 , 

eluded under Urticace.a?, but difiering in their stamens ^ 

not being elastic, their elongated, not rounded, anthers, and 
in their curved exalbuminous embryo (fig. 400). Cannabis 
sativa furnishes tlie lieinp of commerce, which consists of .. 
tlie woody fibres of tlie plant S(^parated by maceration. ■ 

C. indira yi<dds a narcotic resinous product known as • 

Indian lieinp. Hmnidus LupaliiSylh^ Ifop, iswell known Fip. 409. Seed of 
for its aromatic bitter properties.) ilumulus opened. 



Order CXXVI. AllTOCAllPACEiE. 

Class. .Tuliflorfc, Endl. All. T'rticnh'S, Lindl. Coh. Urticales?, Benth, 

et Hook. 

485. Diagnosis. — Thm's or slirubs, or rarely herbs, with milky juice j 
leaves alternate, usually pro^•ided with convolute deciduous stipules; 
fienvers diclinous, males in catkins, females in heads or fiat receptacles; 
perianth o-4-part(Hl or none ; stamens not elastic ; ovary 1 -celled; ovule 
solitary; albumen fieshy, or none; (*mbryo straight or curved; radicle 
superior, lllustrativi,* genera : ArtorarpaSj FicuSy Moms. 

Affinities. — The main difierence between this group and the Urticacese 
li«‘s in the milky juice and gemual habit. The inflorescence and fruit of 
these plant.*^ are curious: in Dorsfenia ihe flowers are imbedded in the 
top of a tabular fleshy peduncle (fig. 15.*1) ; in F'lcns enclosed in an exca- 
vated I leshy peduncle (tig. 152); in J/orws the female flowers are deve- 
lopt'd in a sort of capitulutu, and subsequently coalesce into a compound 
fleshy fruit, resembling a blackberry (fig. 301)), but each ^^pip” is formed 
from a distinct ovary; in Artocarpus the numerous flow’ers are crowded 
on a globular fltjshy peduncle, which enlarges into a large fleshy fruit, 
sonietinu's weighing »‘10 lbs.' Ficus indiva (the Banyan tree) is remarkable 
for sending down numerous roots from its branches, which strike into the 
earth and (convert the tree into a kind of grove. 

Distribution. — The Artocarpucea' constitute a large group, whose 
members are almost exclusively tropical amj subtropical. 

Qualities and Uses. — Most of these plants have a milky juice, con- 
taining more or less of an acrid poi.soiious principle and of caoutebouc. 
Broussonetia papyrifera is the Paper-Mulberry tree, the inner hark of 
whi(di is ust'd for making paper &c. in China and the Soutli- 8 ea Islands. 
Antiaris sac( idora has a fibrous bark, used for cordage and matting, also 
Cecropin pcHaUty Brosimumy &c. Caoutchouc is largely obtained from 
Firus clastica and other species ; a milky juice, of very nutritious cha- 
racter, is obtained from the Cow-tree of South America, Brosimxim utile. 
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The renowned Upas-tree of Java is a large tree, Antiqris toxicaria^ which 
has a very poisonous juice, and it is stated that linen made from its 
fibres, if badly prepared, produces great irritation of the skin. 

The fruit bf Madura aurantiaca, the Osage Orange, has an orange- 
coloured pulp, used by the North- American Indians to stain their skin; 
the wood of 3L tinctoria is %sed by dyers under the name of Fustic. 
M&rus alba, the White Mulberry, is largely cultivated in Italy and the 
East for feeding silkworms. 

Dorstenia Contrayerva was formerly esteemed as a tonic and diaphoretic. 
The wood of Ficus SycomornSj the feycaniore-iig, is very durable, and is 
supposed to have been used for mummy-cases. The seeds of the plants of 
this Order are generally wholesome anil nutritious. 

# 

.(STn^ACrTNACEJE Constitute an Order of trees or shrubs, with alternate, 
simple, leathery leaves and deciduous stipules ; flowers diclinous, spiked, 
with a single 2-, 8-, or l)-parted perianth: stamens 2 or more on a tumid 
receptacle ; anthers 2-lobed, dehiscing at the apex : ovary free, 1-2-celled, 
ea(^ cell With a pair of suspended ovules ; seed albuminous ; embryo 
straight; radicle superior. These plants, natives of Madagascar and the 
East Indies, are nearly allied to J^rticecc, diflering chiefly in the pulvinate 
disk, inelastic stamens, and anthers bursting at the apex. The dru- 
paceous fruits of Antidesma puhescens and Stilayo Bunias are subacid and 
agreeable.) 

(PiiYTOCnEXACE.nB are an Order with somewliat obscure relations, con- 
sisting of a few East-Indian climbing shrubs with a curiously organized 
wood. They have diclinous flowers ; but the rudiments of the abortive 
sexual organs exist in tlie flowers of both kinds, and the flowers have 
both calvx and corolla. They are sometimes included among tlu^ ArtO’- 
carpeccj but have seeds ■\^’ith abundant albumen. Genera : PhytocrenOj 
Wall.; Illume, &c.) 


Order CXXVII. ULMACE/E. The Elm Order. 


Class, Juliflorse, EndL All. Tlhamnales, Lmdl. Colt, Urticales, 
Bmtli, et Hook. 


486. Diagnosis . — Trees with watery 
juice, alternate leaves, stipules, perfect or 
monoeciously polygamous flowers ; peri- 
anth free, membranous, cam'panulate or 
•irregular (fig. 410); stamens definite; 
filaments straight or moderately incurved 
in the bud; ovary free, 1-2-ceIled; styles 
or jiliigmas 2 ; fruit a single samara 
(fijf. 4ll) or a dmpe; seed suspended, 
with little or no albumen; radicle su- 
perior. 


Fig. 410. Fig. 411. 



Fig. 410, Flower of Ulmut. 
Fig. 411. Fruit of XJhnut. 
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Illustrative Genera. 

Tribe 1 . Celt KJE. Ovary l~celled. Tribe 2 . Ulme-sj: Ovary ^'-celled^ 
Celtis, Tournif, Planera, Gmeh 

Mertensia, B, K* Ulinus, JL, 

Affinities, &c. — These plants, chiefly natives of northern countries, are 
very closely related to the Artocarpem vxA other Urticacese, scarcely distin- 
^ guished by any general character except the polygamous structure of the 
flowers. They are timber- trees with bitter ahiringent bark; Ulmus cam-- 
pe4ris is the common Elm-tree, U, montana the Scotch or Wych Elm. 
Celtis audraJUj called the Nettle-tree, has a drupaceous fruit of astringent 
quality. 


Order CXXVIII. PLATANACE-^. The Plane Order. 

Class. Julifloraj, EudL AIL Urticales, LindL Colu Urticales ?, 
Benth. et Hook, ' 

487. Dwyiwsis. — Trees with wabuy juice, alternate palmately lobed 
leaves, sheathing stipules, and moumcious flowers in separate ana naked 
globular heads, destitute of calyx or corolla ; the fruits consisting of heads 
of cla-vate 1 -seeded nucules furnished with a biistly dowm along the base ; 
seeds solitary, rarely 2, pendulous ; embryo in very thin albumen ; radicle 
inferior. 

Illustrative Genus. 

Jflataiius, L. 

Affinities, &c. — The Plane-trees, natives of North America and the 
Levant, naturalized in our parks and squares, are chieily remarkable for 
the beauty of the form and foliage. The structure of the inflorescence is 
amentaceous as regards arrnngeimmt and the absence of envelopes ; but 
the ovaries are like those of ArtocarperPy from which they are divided 
chiefly by the achlamydoous flowers, the inferior radicle, and the presence 
of albumen in the seed. 


Order CXXIX. JUGLANDACE/E. The Walnut Order. 

Class, Terebinthinn}, EndL AIL Quernales, IJndL 

488. Diaynosis , — Trees Avith alternate pinnate leaves, without stipules ; 
the stenle flowers in catkins, with an irregular perianth ; the fertile soli- 
tary, or in small clusters, with a regular 8-^-lobed perianth adhering to 
the incompletely 2-4-celled ovaiy, with only 1 erect ovule. Emit con-* 
sisting of a dehiscent busk enclosing a Avoody shell, containing a large 
2-4-lobed orthotropous exalbuminous seed; cotyledons oily, sinuous; 
radicle short, superior. ♦ 

Illustrative Genera. 

Juglans, L. ‘ | Cary a, Nutt. 
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Affinities, Ac. — A small but well-marked proup, nearly related to Cupu- 
lifer®, but dirtering in the solitary ovule and in the absence of a cupule. 
From the resinous juices and pinnate leaves, they have been regarded as 
allied to Terebinthacere ; but the latter have petals, a free ovary, and curved 
ovule. The Walnut (Juf/Iam 7Tf/ia) is a well-known example of the Order. 
The wood of this, as well as of J. nigra, is valued by carpenters. The 
nuts of /. cinerea are called Eutter-nuts in Canada. Cai'ga alba, the 
Hickory of North America, has tough, elastic wood and an edible nut, as 
also has C. olivceformis. 


Order CXXX. CUPULIFER.E. The Oak Order. 


Class* JuUflorje, En<1L AIL Quornales, LindL Coh. Amentales, 
Benih. et Hook. 


489. Diagnosis . — -Trees or shrubs with alternate simple feather- 
veined Idaves, and deciduous stipules ; moneccious flowers, the barren 
in catkins or clustered, the fertile solitary or clustered and furnished 
with an involucre which forms a cup or covering to the flowers 
(fig. 413) ; (S stamens 5-20, inserted at the base of scales or of a 
membranous perianth ; 5 ovary crowned by the nidimentary teeth 
of an adherent calyx, 3- or more-celled (fig. 412) ; stigmas nearly 
sessile ; ovules solitary, or 2 in a cell ; fruit a 1 -colled, woody nut, 
more or less enveloped by the involucre (cupule), containing 1 or 2 
seeds (the rest being abortive), destitute of albumen ; cotyledons large 
and fleshy j radicle minute, superior. 


Fig, 412. 


Fiff. 413. 



Illt»strative Genera. 

Carpinus, Z. I Fagus, Z. * Quercus, Z. 

Corylus, Z. | * Castanea, Gmin, Ostrya, Nco/?. 


Affinltiei. — Related to the Urticacese, but differing in the inferior, many- 
celled ovary and in the character of the fruits and seeds. From Betulaceso 
and Salicace®, to which they are closely allied, they are separated by the 
inferior position of the ovaiy. Some authors' separate the Corylaceoe 
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from Cupiiliferje hy reason of the achlamydeous male Sowers and of the 
leafy cupule of the female flowers of tlie "former, 

Dlstrlb\ition.—A large group, the members of which are for the moSi 
part natives of forests of temperate climates. 

Qualities and Uses. — Timber- trees of great importance ; some also having 
edible Iriiits ; the bark and other parts more or less astringent. Quercm, 
a very extensive genus, includes Q. British Oak, of which there 
ai’e two varieties — Q. scssili/loraf Durmast, and Q. j)edunculata, Q. Suber 
furnisln\s cork ; Q. JEyihps has large rough •cupules, extensively used by 
dyers under^the name of Valonia ; Q. cocci f era is the Kernies Oak ; Q, 
tinctoria furnishes Quercitron Bark ; Nut-galls are produced by the attack 
of an insect on Q. infectoria ; Q. Ilex is the Holm Oak, or Evergreen Oak 
of our shrubberies. Between 200 and .‘300 species of Qtiercus exist, some 
of which have edible fruits. Corylua AcelUma is the Filbert, or Hazel; 
Cadanea veaca^ the Sweet Chestnut ; C. americana produces a smaller 
nut; Fayus t^yhatica, the common Beach, has a valutible hard wood, 
as also Carpmm Betulufi^ the Hornbeam ; and (htnja virymica is called 
Iron- wood in North America. Oil is obtained by pressure from the seeds 
of the Beech and the Hazel ; the Nut-oil of the latter is largely used by 
painters. 

(MYRiCACEiE constitute a small Order of shrubs with resinous-dotted 
often fragrant leaves ; monoecious or dioecious achlamydeous flowers, both 
kinds in short scaly catkins ; stamens 2-l() ; ovary l-ceUed, with 1 erect 
ovule; fruit drupaceous; embryo without albumen; radicle superior. 
They diil'er from the other amentiferous Orders in the simple and free 
ovary ; they are also related to ITlicace®, but difler in the amentaceous 
inflorescence and in tlie structure of the seed. They have many points 
in common witli Jiiglandac(;;o, but differ in tlieir achlamydeous flowers 
and superior ovary. "I'liey are aromatic shrubs or trees, with tonic and 
a.stringent properties ; and wax, resin, and oil are obtained from them. 
Myriva Galc^ the Bog-Myrtle, or Dutch Myrtle, yields an aromatic oil 
and vsecretes wax; cerifera,ih^Q Wax-Myrtle, secretes a green wax ; 
( "omptonia atiplmiifolia. is used in cases of diarrhaui in North America. The 
fruit of Myrica sapicla is eatemin Nepal. Genera: Mynca^ Cornptonia.) 


Order CXXXI. BETXJLACEiE. The Birch Order. 

Class. Juliflorm, Fndl. All. Amentales, Lindl. Coh. Amentales, 
Benth. et Hook. 

490. Diaynosis . — Trees or shrubs; monoecious, with both kinds of 
flowers in scaly catkins, 2 or 3 under each bract (scales of the flowers 
whorled in Alnm) ; ovary 2-celled, 2-OTUiltHi, ripening into a dry, 1 -celled, 
1-seeded, often winged nut, without a cupiile; seed pendulous, exalbu.* 
luinous ; radicle superior. 

Illustrative, Genera. 

Betula, L. ' j Alnus, L. 

Affinities, Ac. — ^This Small Order is distinguished from Cupuliferce and 
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Juglandacero by the free ovary, and the regular occurrence of 2 carpels in 
the ovary, one cell, however, being usually obliterated' in the fruit. From 
Salicaceaj they differ in the 2 cells, and by the solitary ovule in each cell. 
These plants belong chiefly to temperate and cold climates ; Betula nana 
and Ainns incana form dwarf shrubs further north than any other woody 
plants, except some Willows. ^ The bark is regarded as tonic and astrin- 
gent, and an empyreumatic oil is obtained from that of the common 
Birches Bdula alba and ylutinom, which gives the peculiar odour to 
Kussia leather. The bark of B, papyracea is used for making baskets 
and many other articlea in North America. The sap of B^ alba^ nigra, 
.and leMa yields sugar at certain seasons. Ahim ghdinom is the common 
Alder ; its wood is esteemed for work to remain under water, and for the 
manufacture of charcoal; the leaves and female catkins are sometimes 
used' by dyers. 


Order CXXXII. SALICACEiE. The Willow Order. 

Class, Juliflorae, Endl. AIL Amentales, Lindl Coh. Amentales, 
Benth, et Hook, 

491. Diagnosis. — Dioecious treesor shrubs, 
with both kinds of flowers in catkins, one 
under each bract, entirely destitute' of enve- 
lopes, or with a membranous cup-liko peri- 
anth (fig. 414) ; the fruit a 1-celled and 2- 
valved pod) containing numerous seeds 
clothed with long silky down ; no albumen ; 

, radicle inferior. 

Illustrative Genera. 

Salix, L, 1 Populus, L, 

AfflnltleB, &c. — This amentiferous Order, consisting of but two genera, 
one of which, Salix, is rich in species, is at once distinguishable by the 
2-valved fruit having numerous seeds clothed with silky hairs. The 
2-can)ellary ovary and the inflorescence connect them closest with 
Betuiacese. The Willows (Salix) and Poplars (Populus) belong to tem- 
perate and cold climates. Some are valuable for their timber ; the young 
shoots of Willows furnish material for basket-work | and the bark has 
usually febrifuge properties, depending on the presence of Salicine. Po)m- 
lus nigra is the common Bladi Poplar, of which the I>ombnrdy Poplar 
appears to be a fastigiate variety; P, tremula is the Aspen; P. alba is 
the Abele, or White Poplar. Salix babglonica is the Weeping Willow; 
Sallows and Osiers are the shoots from pollard stumps of Salix vimifudis, 
vUelMna, &c. ; Salix alba is the ordinary Willow-tree found by river-sides. 
Willow- wood is used to some extent in turning, on accotmt of its white 
colour, and it is esteemed for making charcoal. 


Fig. 414. 



^ male and 9 ftimalc flower 
of Populiis. 
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Order CXXXIII. CASUARINACEiE. 

Class, Julitiora3, Endl, All. Amentales, Lindl, 

492. 'Diagnosis. — Pseudo -leafless trees wifh pendulous, jointed, striated 
branches, the nodes sometimes with short toothed sheaths (whorls of 
leaves) ; flowers in spikes, aclilamydeoiis, diclinous j the barren flowers 
in loose spikes, with 2 bracts and 2 sepals, the latter adhering at their 
points ; stamen 1 j anther 2-celled ; the fertile flowers in dense spikes or 
heads, with 2 bracts ; ovary 1-celled, with 1-2 ascending ovules ; seeds 
exfilbuminous, with a superior radicle. 

Illustrative Genus. 

Casuarina, L. 

Aflftnitiea, &c.— A small group consisting of trees of remarkable aspect, 
the branches liaving much the appearance of the bninclied Equisdn. The 
jointed stems and abortive leaves connect them also with Ejdtcdra among 
the (Tymiiosperms, to 'v^diich they approach also in the very reduced cha- 
racter of the flowers. They acquire large dimensions ; and the wood of 
their trunks becomes very solid and heavy. The greater portion of them 
are natives of Australia, where they are called Beef-wood trees, from the 
red coloui* of the timber. 

» 

(CiiLORANTHACEJE Constitute a small Order, having the following cha- 
racteristics. Herbs or under-shrubs Avith joint(‘d stems SAvollcn at the 
nodes, opposite simple leaves Avith sheathing stalks and minute inter- 
petiolar stipules ; llowers in terminal spikes, achlamydoous, hermaphro- 
dite or sometimes diclinous, Avith a scaly bract ; stamen 1, or, if more, 
coherent and detinite; ovary 1-celled, 1-seeded; seed pendulous; embryo 
in the apex of fleshy albumen; radicle inferior; ct)tyledous divaricate. 
Nearly related in gem*ral character to ri})erace{e, but diflering from them 
and from Saururacem in the absence of the double endosperm, the embiyo 
being Avithout the ‘‘amniotic sac;" there is a more distant relationship to 
Urticacem, and perhaps some atlinity to Loranthacem. The plants are 
tro]>ical, commonly have fragrant properties ; and the roots of Chloranthas 
oiJUimdis and hrachf/stachgs are esteemed as tonic, febrifuge medicines in 
the West Indies. ^The specie's of Jhdgosnium have similar properties. 
'Ihe leaves of (Moranthm i/wohspiam are occasionally used to flavour 
Tea.) 

Order CXXXIV. PIPERACEJ5/ The Pepper Order. 

Class, Piperitm, Endl. All. Piperales, Lindl. Coh. Piperales, Benth, 

et Jlook. 

493. Diagnosis . — Shrubs or herbs with jointed stems ; opposite, 
whorled, or, by suppression, alternate leaves ; stipules absent, in pairs. 
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or singly opposed to the alternate leaves ; flowers 
spiked, hermaphrodite or dioecious, achlamydeous, in 
the axil of a bract, with which they are sometimes 
confluent; st^imens 2 or more; anthers l~2-celled; 
ovary free, simple, 1-cclled, with a single erect or- 
thotropous ovule ; fruit somewhat fleshy ; seed erect, 
with the embryo in a distinct sac (amnios) at the top 
of copious albumen (fig. 415) ; radicle superior. 

Illustbatrte Genera. 

Peperomia, H. P. Chavica, Miq. Piper, L, 

Macropiper, Miq. Cubeba, Miq, ArtaiflUe, Miq, 

Affinities, &c. — The stems of some of the Piperacem present so irregular 
a form of airangement of the wood, that some authors have regarded 
them as belonging to the Monocotyledonous class; but this structure is 
not exactly that of the Monocotyledons, and they have a dicotyledonous 
embryo and reticulate-veined articulated leaves; they may, however, 
be regarded as connecting the two Classes through Araceie, themselves 
somewhat anomalous forms of Monocotyh'dons. The chief peculiarity of 
the wood is the presence of woody bundles (sometimes forming a complete 
ring) in the pith. Their nearest relations are Chloranthacese and Sauru- 
racese ; but they differ from the former in the sac of the embryo, the 
erect seed, and the alternate hjaves ; from the latter in the simple ovary 
and the absence of stipules. They are^ more distantly related to Urti- 
cacese. 

Distribution. — A large Order, the species of which are for the most part 
tropical ; most abundant in the hottest parts of Ameiica and of the East- 
Indian islands, in damp situations. 

Qxialities and Uses. — Pungent and aromatic, more or less astringent 
or narcotic. Black Pepper consists of the dried fruits of Ptpor ; 

White Pepper is the same, with the ffeshy epicai’p removed by washing. 
Long Pepper consists of the dried spikes of Chamca Moxhuryhii (Piper 
lonffum ) ; other species of Chavica are used in India and Tropical America, 
with Artanihe aamica, &c. The leaves of Chavica BeiU are chewed, mixed 
with slices of the Betel Nut (Areca olerarea) and lime, by the Malays and 
other Indian races. The ripe fruits of Citbeha officinalis j canina^ Wallichii, 
&c. form Cuhehs, or Cuhebs Pepper, and have aromatic, stimulant, and 
purgative properties; Artanthe elonyata and adunca are said to have 
simuar virtues. Macropiper 7netkpsticnm, the Ava or Kava of the t:^outh- 
Sea Islands, has powerful narcotic properties. The leaves, or powdered 
leaves of Artanthe elonyata afe also esteemed as a styptic, known by the 
name of Matico, in iouth America (other plants are also called by this 
name, such as Eupatorium ylutinosnm). Most of the plants of this Order 
possess some of the above properties, more or less powerfully marked ; 
Artanihe crocaia yields a yellow dye, obtained from the spikes of fruit. 

(Saububaceaes constitute a small group of aquatic or marsh plants, 
of North America, China, and North India, related to Piperaceas, but 
differing in the compound ovaries and stipulate leaves and wood destitute 


Fig. 415. 



Section of seed 
of Fiper. 
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of bundles in the pith. They are more or less acrid. Saururm cemum is 
sometimes used in medicine, an irritating cataplasm being made from the 
root.) 

(Ceratophyllace^ are aquatic herbs with wliorled, finely dissected 
leaves, and minute axillary and sessile monoecious flowers, without floral 
envelopes, but with an 8-1 2-cleft involucre in place of a calyx ; the fei*tile 
flower is merely a simple 1-celled ovary, with a suspended orthotrop6us 
ovule ; the seed tilled by a highly developed embryo with 2 cotyledons and a 
conspicuous plumule ; radicle very short, inferior. The genus CeratophyU 
hmiy of which some authors describe (5 species, while others reduce them 
to 1, constitutes this Order, consisting of aquatic plants with whorls of 
leaves, and having almost the appearance of some Confervoid. The relations 
of Ceratophyllnm obscure: it has been connected with the Ilaloragace® 
from its rese»iblahce to Myriophjllumy while Lindley places it provisionally 
among his Urticales. The most remarkable point is the structure of the 
seed, w'hich is exalbumiuoiis, and consists principally of 2 fleshy cotyle- 
dons, inside which stand a decussating pair of loaves, and within these, 
surrounded by withered endosperm-cells, is the plumule, bearing a whorl 
of leaves separated by a short internode from the second pair. In the 
highly developed stale of the plumule they resemble Ndunihium. They 
are found in ditches »fec. throughout the northern hemisphere, and they 
have no active properties.) 

(Callitricitace^: are small aquatic annuals, with opposite entire 
leaves, and solitary polygamous axillary flowers, without any proper 
floral envelopes j fruit 4-lobed, 4rcelled, 4-seeded j seeds peltate ; embryo 
inverted in the axis of fleshy albumen ; radicle very long, superior. This 
Order consists of the genus C(iUitHclu\ comprehending the Starworts of 
our freshwater pools, of which d species occur in Europe and North 
America. Their flowers are so simple that it is ditliciilt to settle their 
allinities. Some regard them as related to llippiiru^ among the Htdora- 
gaccic j but they appear to be truly achlaiiiydeous, whence others consider 
them allied to Eupliorbiacea^, from which they difler only in their 4- 
lobed ovary and in the structure of the seed. They have no known 
properties.) 

(PoDOSTEViACEiE are aquatics, growing on stones in fresh running 
water, with much tlie aspect of Seaweeds or Mosses ; the minute flowers 
bursting from a spathe-like involucre; perianth Oor of 3 sepals ; stamens 
1 or many, bypogynoiis ; ovary compound, 2-3-celled, with 2-.3 stigmas ; 
ovules numerous ; fruit a inauy-secded, ribbed capsule, the placentation 
of wdiich is axile or parietal ; seeds exalbuminous, with a straight embryo. 
This is a group of very curious plants, having a distinctly Dicotyledonous 
euibryo, but much the habit of the Monocotyledonous|P^aiadaceie. Lindley 
regards them as related to Elatinace©, or possibly to Plautagiuacoa>, by 
way of Littorellu, Ilydrostachys is diclinous, the other genera perfect. 
In some of the genera there is no real distinction between stem and leaf, 
the stmeture being analogous to a thallus. They are most uuraoroiis in 
South America ; some occur in India ; one in North America. They have 
no active properties ; but some species of Lack are used for food on the 
Rio Negro and other parts of South America.) 
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Ordbe CXXXV, BALANOPHOKACEiE. 

Class, Khizantlieae, Endl, Class, Rhizogens, Lindl, Coh, Khizanthales, 
JBentli, et Hook, 

494. Diagnosis. — Root-parasites with amorphous fungoid stems, 
destitute of leaves, never green, with fleshy subterraneous rhizomes 
or tubers, and naked . or scaly peduncles bearing spikes of flowers ; 
flowers mostly unisexual ; male flowers conspicuous, with a tubular 
entire, slit, or Il-o-lobed perianth, valvate in the bud ; stamens 
usually 3-5, more or less connate, or distinct ; female flowers very 
minute ; perianth with the tube adherent, and mostly without a 
limb, or 2-lipped; ovary inferior, mostly 1 -celled; styles 2 ; ovule 
solitary, pendulous ; fruit a small, compressed, 1 -seeded nut ; seed 
with hard granular albumen and a lateral amoriflious embryo. 

Illustbativk Gen kb a. 

Balanophora, ForsL Sarcopliyte, Sparrm, 

Cynomorium, Michel. llelosis, liich. 

Affinities, &c. — The peculiar parasitic habit and fungoid texture of the 
plants of this and the two succeeding Order^s have induced many authors 
to separate them from all other Flowering plants as a distinct class; but 
the grouiidsof this separation seem untenable : parasitism occurs in plants 
of the most varied structure, aJid this character of habit is not even of 
ordinal value./ The structure of the stems of lialaiiophoraceje is merely a 
degraded form of the Dicotyledonous typo; and the llowers are in like 
manner provided -with all the real essentials of the rhanerogamous struc- 
ture, since the acotyledonous embryos, upon which stress has been laid, 
occur in Orobauchacem, Orchidacete, aud various other Ordms. Dr. 
Hooker, who ha« most elaborately investigated this Order, regards them 
as having aflinity, in their floral structures, to the Ilaloragaceaj, whore, 
as in Hippuris, wetinddn plants not parasitic a reduction of the parts of 
the flowers as complete as tliat in Cynomorium, They are closely related 
to Gunner a \ hut differ in their parasitic habit, absence of leaves, ko. 
Many of the plants seem to have styptic qualities; Cynomorium cocH^ 
nefum was formerly highiv valued by surgeons for tliis purpose, under tlie 
name bf Fungus mvlitenm. Some liave very disagi’ceable odour, others 
are eaten like Mushrooms. They occur on the roots of various Dicoty- 
ledonous trees, chiefly on the mountains of tropical countritjs, especially 
the Andes and the iJiimalayas ; a few occur at tlu* Cepe and other parts 
of Africa, and some in Australia. Cynomorium is found in Malta, North 
Africa, the Levant, and the Canary Islands. 

(CvTiNACEiE are root-parasites of fungoid texture, with perfect or 
monoecious flowers, solitary and sessile or clustered at the end of a scaly 
stem ; perianth 3-G-parted, anthers opening by slits ; ovary inferior ; 
ovules very numerous, growing over parietal placentas ; fruit a 1-celled, 
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many-seeded berry 5 seeds imbedded in pulp, albuminous or exalbuminous ; 
embryo amorphous. ' Cytinus hjpocistis (youth Europe) is parasitic upon 
the roots of Cistm, and has unisexual flowers ; Hyanora, a Cape plant, 
growing upon fleshy Euphorhice and other succulent plants, has herma- 
phrodite flowers. Except in habit, they have very little connexion with 
the lialano^horacefB ; and from Kafflesiacem they differ in the 3-nieroiis 
structure of the perianth and the longitudinal dehiscence of the anthers. 
These plants are supposed by some writers to have a connexion with the 
Monocotyledons through Jfromeliacem. Cytimis has astringent qualities j 
Ilydnora africam, which has a putrid smell, is roasted and eaten by the 
African natives.) 


Order CXXXVL RAFELESIACEiE. 

Class, Rhizanthese, Endl, Class, llhizogens, Lindl. Coh. Rhizanthales, 
Beuth. el Hook. 

495. Bmpmis , — Piivasitcs of fungoid structure, Muthout stems 
or leaves ; the flowers solitarj^ sessile upon the branches of trees, 
surrounded by scales, perfect or dioecious ; perianth 5-10-parted, 
with a circle of scales or a ring in the throat ; anthers 2 -celled, and 
opening by distinct pores, upon a salvor-shaped or subglobosc column 
adhering to the perianth, numerous, distinct or connate, or con- 
cciitrically many-celled with a common pore ; ovules very numerous, 
growing all over the parietal placentas of the 1 -celled ovary; fruit 
an indehisceut pericarp, with a great number of albuinipous or ex- 
jilbuminous seeds with an undivided embryo. 

Illustrative Genera. 

Ilafllosia, It. Br. | Sapria, Griff, | Pilostyles, Guill 

Affinities, &c. — Some of tlie Rafllesiacea> occur parasitic upon species 
of Cissus in the East Indies, others on Leguminous plants in South 
America. They differ from Cytinacem in the absence of a stem, the 
5-merous perianth, and the porous anthers. They are sometimes regarded 
as related to tlie Aristolochiacejv. Rafflesia Artwhh) a plant of Siunatra, 
is a wonderful object, consisting of a gigantic flower of fungoid texture, 
measuring 3 feet across, aud weighing 14 lbs., emitting in decay a smell 
like putrescent flesh. This and other specie!^ seem to have styptic and 
astringent properties. * 



362 


SrSTl»AnC BOTAHT. 


'Obder CXXXYII. AKTSTOLOCIIIACE.E. Tub Bikth- 
w'ORT Order. 


Class. Serpentori®, Endl. AIL Asaxales, LindL 


496. Diagnops, — > Climbing 
shrubs or low herbs, with perfect, 
regular or irregiUar flowers ; the 
conspicuous single tu]>ular peri- 
anth (figs. 416, 417) (valvate in 
the bud) adherent below to the 
6-celled ovary, which becomes a 
many-seeded 6 -celled capsule or 
berry; stamens 6-12, more or 
less adherent to the style (fig. 
418) ; anthers adnate, extrorsc ; 
ovules numerous ; seeds albumi- 
nous ; embryo minute. 


Fig. 416. Fig. 418, 



Fig. 41^^. Plow»*r of AriRtohvhia ClemalitiR, 
Fig. 417. Perianth of Amrnm, 

Fig. 418. Ovary and staincns ot Arifttolochia. 


Illustrative <jknera. 

Asarum, Tournef. | Ari.stolochia, Tournef. 


Affinities. — The ternaiy structure of the flowers of this Order, together 
with an aberrant structure of the wood, which prej^nts no concentric 
rings, seem.s to indicate that these plapta have afliiiTOes to such iVIoiio- 
cotyledonous Owler.s as Dioscoreacefe, although tiny are really Dicoty- 
ledonous. Their more inuiiediate r<‘lationships are obscure ; most authors 
connect them nearly with Nepenthacete, the afllnities of which, again, 
are not clearly made out. Their .*<tamcn.s, adherent to the style, di.stin- 
guish them from all other ^Innochlamvdeous Orders. 

» Distribution. — A large Order, the .species of which are generally dif- 
fused ; most numerous in tropical South Ameiica. 

Qualities and Uees, — Some of tlie.^^e plants have enjoved considernhle 
reputation, having pungent, aromatic, and stinUilant qualities. The Ari- 
stolochicB take their name froim the roots of A. Clevmfitis^ hmifit, rotunda^ 
and others being used . as emnn nagogues. A. Serpmtaria, Virginian 
Snake-root, is one of the .many specifics for Snake-bites, and it is sto- 
machic and tonic. It is worth notice that .«»everal specie.^ Aiistohvhia 
in different countries are considered by the nalives valuable remedies 
in cases of snake-bite. Asarum europcavin, Asarabiicca, is acrid ; its 
leaves were formerly much used in a snuff employed in affections of the 
eyes. Some of these plants are very handsome climbers, with large 
cordate leaves, and striking helmet-snaped flowers. Those of Arkto-- 
lochia cordata are large enough to be used as caps by the Indian boys 
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in the Brazilian woods. The West-Afiican A, GoMieana is equally 
large. ' • 

(Nepenthace^ are herbs or half-shrubby plants with alternate leaves 
which, when perfect, have a long stalk terminating in a pitcher with an 
articulated lid (fi^. 104 ) ; flowers dimcious ; perianth 4-merous j stamens 
coherent in a solid column anthers about 10, extrorse j ovary free, 4- 
aiigled, 4-celled ; seeds very numerous, attached to the sides of the dis- 
sepiments ; embryo in fleshy albumen. The relations of this Order are 
at present obscure ; most authors connect them with the Aristolochiacese 
&c. They are natives of swamps in the East Indies and China, and one 
or two are found in the Seychelles and Madagascar. Several species are 
cidtivated in our stoves on account of the curious pitcher-like organs 
which are developed from some of their leaves (§ 101), They do not 
appear to have any active properties.) 
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Class II. MOIIOCOTYLEDONES. 

497. Angiospermous Floweriiig Plants, with stems in which the 
woody bundles are isolated and diffused through a parenchyma in 
which there is no distinction of pith and bark, the individual woody 
bundles npver being developed further after the fall of the leaves to 
which they belong ; the leaves (very commonly sheathing at the 

• ' . Fig. 422. 



Leaf of dloriwa. \22. Ternary flower of Luzulu, 

Fig. 420. Leaf of Canna. Fig. 42H. l^iagrani of ditto. 

Fig. 421. Leaf of Sagiftaria. Fig. 424, Moiiouotyledonous einl ryo of Potamogeton. 


base) generally with a number of nearly parallel, straight or curved 
ribs (fig. 419), or with similar ribs given off from a midrib (fig. 420) ; 
the cross veins suddenly smaller, (fig. 421), occasionally netted- 
veined: the flowers generally with three organs in eacli whorl 
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(figs. 422, 423) ; the floral envelopes often all petaloid or all green 
or scalc-likc, rarely with a green calyx and coloured corolla ; seed 
with an embryo which possesses only one cotyledon, usually roUed 
round the plumule like a sheath (fig. 424, c) ; the radicle (a) never 
developed into a tap-root in germination. 


Subclass]. SPADICIFLOE.^. 

498. ^Monocotyledons with the inflorescence composed of flowers 
with a scaly, incomplete perianth, or achlamydeous, often unisexual, 
arranged on a more or less fleshy spadix, which is naked, or more 
frequently enclosed by a large spathe. 

Ill the Palmacccai, the structure of the flowers approaches that of Lili- 
acoic in the next Subclass; the Lemnace.a?, usually considered the lowest 
representatives of tlie Aroid t\pe, have so few flowers that the spadiciform 
peduncle does not represent tliis structure ve^ clearly ; but it is surrounded 
by a spathe. Taccaceoi resemble Araceae iu habit (but their flowers are 
far more complete) ; lienee they connect this Subclass with the next. 


/ Ordeu ( XXXVIII. PALMxACE.^]. Palms. 


C/ass. Ih’incipes, AU, Palmales, Lirnil, Coh, Palniales, 

Bcnth, et 2[<wk» 


499. J)w(j)wsis . — Trees or shrubs, mostly with a simple un- 
branched trunk (fig. 420 ), occasionally slightly ramified, with largo 
terminal clusters of mostly compound, stalked leaves, the stalks 
sheathing at th^basc ; flo^vers unisexual or perfect, with a double 
3-morou.s perianth, on a mostl}' branched, scaly spadix enclosed by 
spathe (fig. 42(1); stamens G, hjqiogynous or perigynous ; ovary of 
1-3 free or coherent earpeds ; ovules solitary, rarely two; fruit 
baccate ; seeds with a minute embryo imbedded superficially in 
honiy, fleshy, or bony albumen (fig. 428). 


Cliamsedorea, WiJld. 
Arecn, L. 

Ceroxylon, IL ^ JB, 
Caryota, X. 

Calamus, X. 


Illustrative Genera. 

Sagus, Gcertn, 
Ilorassus, X. ^ 
Lodoicea, Zabil^ 
Sabal, Adam, 
Cliamcerops, X. 


Ehapis, L.JiL 
Ifliamix, X. 
Attalea, H, B, K. 
Elais, Jacq, 
Cocoa, X. 


Affinities, &c. — The l^alms form a very natural Order, including a 
great number of plants varying to a considerable extent among them- 
selves, but separated by very distinct chaiacters from the rest of the Mo- 
nocotyledons. They, as a rule, assume an arborescent character, the 
stem Deing formed on the same fundamental plan as those occasionally 
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Fig. 425. Trunk and foliag«* of a fqimrs oi Areca. 

Fig. 42d. Si>ath«* and spadix of Afftrumrijutu vulunrr. 

Fig. 427. S»*etion of tho fruit of the Cooba-nut Palm ; ar, the sludl of the nut. 

Fig. 428. A Date, with half the pericarj) (c) reniovt-d to show th<‘ set?*! and embryo {x). 

the forms with scarcely developed inteniodes, marked externally by the 
scars of the fallen leaves, a^ee essentially with those of YuccUy 
thorrJuBn^ &c., except that the fibrous cortical n*j^on is little developed, 
and does not exhibit growth by successive layers as in those plants ; tlie 
Hyphcmes^ which have a branched stem, seem to ramify ip the saiue way 
as the Vcllo!iie(p, by a bifurcation resulting from the occasional develop- 
ment of an axillary bud, which manifests a power of grow'tb equal, 
or nearly so, to that of the te^rminal bud. The ramification of the trunks 
above ground is a rare phenomenon ; but it is very common for suckers to 
be sent out from the bases of the stems h(dow the soil, imitating on a 
large scale the appearance of, the young bulbs around the parent in the 
herbaceous Monocotyledons? The parenchymatous substance of the stem, 
in which the fibrous structures are imbedded, varies much in consistence : 
sometimes it becomes lignified, and ^ves a solid character to the trunk, 
as in the Cocoa-nut Palm ; sometimes it is soft and spongy internally, as 
in the Sago-palms, becoming filled at certain seasons with starch. The 
spadiciform inflorescence, unfolding from within a large foliaceous spathe, 
connects the Palms with the«A.racese, a relationship further indicated by 
the low type of structure of the floral envelopes j hut there is a general 
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tendency to union of the sexes here, and a difference in the position of 
the embryo within the albumen, — ^not to dwell upon . the wide diversity 
of general structure and habit. The regular ternary arrangement of the 
flowers, the 0 stamens, and the .3-carpellary superior owy approximate 
this family to the Liliaceae, in which, however, the habit differs in almost 
every respect, besides the great diversity of the fruits and seeds. The 
inflorescence of the Palms is in some cases axillary, allowing of ihdefluite 
growth of the trunlf by the terminal bud ; in other cases it is terminal, and 
the flowering of the plant then puts a period to the term of growth (some- 
tinios as much as 20 years), the trunk dying after the ripening of the fruit 
(like the main stem of the A<jave\ but occasionally perpetuating itself 
by subterranean axillary suckers. 8oin(3 times the axillary inflorescence 
bn^aks out from abov(^ tlie cicatrix of a long-fallen leat^ on the bare part 
of tlie stem. Tlie flowers are generally very numerous ; it is said that 
the male inflorescence of the Date bears 12,000 flowers, and that a bunch of 
some of the South -American Palms will bear oOOO fruits. In Alfomia 
(i}nj/(jdalhia 207,000 fl(nvcrs have been computed on a single spadix, or 
()06,b00 on one plant ! 'J'here is very considerable apparent variety of 
form and stru(‘tiire of the ripe fruit in this Order, easily reducible, how- 
cN'er, to a single type. As a rule, there are 3 carpels, either distinct or 
unilt^d into a 3-celh‘a ovary, each carpel commonly prodmnug 1 ovule ; 
in O)C 0 Hj however, 2 out of the 3 cells are rudimentary, and thus only 1 
ovule is developed even at first ; in Areca and others, 3 distinct cells and 
ovul(j.s originally exist ; in Cliamofro^is and Pha^nix the 3 carpels form 
He])5irat(*, l-ovuled pistils ; in PonisHUSf a 3-celled, 3-ovuled ovai’y exists, 
and tluj same in Lado/cea. In the course of the maturation of the fruit, 
the pericarp becomes variously developed, and more or less of the ovules 
nr of the distinct simple ovaries are aborted. In Cocos the pericarp is 
d(‘velop(Hl around the one perfect cell, externally as fibrous husk, inter- 
nally as tlie woody shell of tlie nut ; the fleshy part of tlie nut (hollow) 
constitutes the albumen of the seed surrounded by a brown testa j and the 
enibi'vo is lodged in a cavity in the substance of the albumen, at one side, 
m-‘ar the base (flg. 427). In Arecay 2 out of the 3 cells and ovules are 
abortive ; the pericarp ripens into a fibnuia husk round a solid seed, chiefly 
composed of horny ruminated albunien (the Areca-nut). In Chwnarops 
and Phcieniv^ 1 out of the 3 simple ovaries ripens into a beiTy ; the pericuip, 
becoming tlio pulp (Date), contains a “stone,” or seed which is a solid imiss 
of liorny albiujicn with the embryo imbedded in a small cavity a little 
lioneath the surfm^e (flg. 428), its" place being indicateil by a papilla on 
the surface. In Borasans, all the ovules become developed, and form 3 
fibrous “ stones ” in the fruit. In Lodoieva it othui happens that 2 or even 
3 ovules coah'see during ripening, forming large, hollow, double or triple 
nuts, of the saim^ character as the Oocoa-iuit, enclosed in a large fibrous 
husk (these are the “Double Oocoa-niit§ ” of the Seychelles Islnnds). 
In SaffHs and other genera the ovary is eflothed with imbricated scales 
pointing to the base, which ripen into woody structures, forming a peculiar 
hard-scaled covering to the fruit. 

Distribution. — A large Order, consisting of about a thousand species, 
chiefly tropical ; scarce as regards species in Africa j a few advancing into 
temperate latitudes in North America, Europe and Asia, and New 
Zealand. 

Qualities and Uses. — Having (apparently) no noxious properties, the 
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very varied products of this noble Order of plants render them of an im- 
■ p^rtfuiee to man second, perhaps, only to that of the Cereal Clrasscs. 

juices and secretions furnish suj^ar, starch, oil, wax, and resins j fer- 
mentation of the juices of many produces spirituous liquids. Some have 
edible fruits of great importance ; the succulent buds of others are used 
as esculent vegetables ; their leaves are applicable to countless uses, from 
thatching hutX to plaiting mats and hats : the fibrous substance of the 
sheathing petioles furnishes material for cordage, or, when more solid, 
supplies a valuable substitute for bristles and whalebone ; the fibrous hushs 
of tne fruits afford textile materials ; the tonks of some kinds become 
valuable timber ; and the hard albumen of the seeds of several kinds is veiy 
larg(dy used for turners’ work connected with cabinet-making &c. 

Saccharine juice, funiishihg sugar or fermented liquid, according to the 
use 'made of it, is obtained abundantly by cutting the unopened spathes 
of Caryota WTns, Cocos nucifera^ lioross^ts ffahcUiformis, Rhapis 
Safptei'm {Arengd) saccharifer^ Vhccnix syh'estris^ Mauritia mnifern, Ehiis 
ymneemis^ and others ; starch is obtained abundantly from the central 
parenchyma of the trunk of Sayus Rtmiphii, Metroxylon kcve^ JSayucnfs 
sactharifer^ Phwniv farimfera, kc. Oil is obtained especially from the 
African Oil-Palms {Elais fpiineensis E. mchnococca)^ the fruits being 
crushed and the oil extracted from the albumen hv boiling in water 
Cocoa-nut oil is obtained from the albumen of the seed ; wax is ex- 
creted on the lower surface of the leaves of Copenncia verifera, on the 
trunk and between the leaves of Ceroxykm amlicola. Cakmws J)?v/co, 
JIyph(c/ic, and others have a resinous matter in their juices. The most 
important fruits are those of the Date {Phantir dactylifera) n])d the Cocoa- 
nut ( Cocos nucifera ) ; the fruit of Hyplucne ihchnica^ the Egyptian Doum- 
palm, is also eaten ; and the seeds of Areca Catechu (Betel-nuts), are very 
largely used in the p]ast Indies, for chewing with the leaves of the Betel 
Pepper. The fruits of some of the Palms are acrid (Canjotaj Sarpaxus) ; 
the acridity, however, is removed by .«oakiiig in lime-water, and they are 
eaten preserved with sugar. The Indian Cabbage-palm, of which the 
buds are eaten boiled like cabbages, is o/ov/cccr ; Euterpe rmmtaua is 

used in the same way. Fibrous substance is derived from the husk of 
the fruit of the Cocoa-nut (Coir), Astr.ocaryum vutyare, Attaica fuuifcra^ 
and others ; the bristle-like Piassaba fibres, used for brooms, are from 
Lerypoldinin Piass(d)a. The wood of the Cocoa-nut Palms is hard, durabh^, 
and handsome ( Porcupine- wood) : Rorassus ft aheltiformis yields what is 
called Palmyra-wood. Xuts suitable for turning are afibrded by the seeds 
qf Attalea funifera (Coquillanuts) ai\d Phytelcphas macrocarpa (Vegetable 
Ivory). 

Common canes are the stems of Calamus Scifdomim^ Zalacca^ Ruden- 
tunij &c. Partridge canes, used for walking-sticks kc.^ are sbmis of an 
unknown Palm. The petiole# of Cha7u<rrops hv7)nJis an* used for walk- 
ing-canes in Italy ; and the fibre of the leaves of this plant is now coming 
extensively into use as a substitute for horse-hair. The foregoing is only 
a brief summary of some of the best-known uses of these plants ; similar 
products and applications are connected with a great number of other 
species besides those here mentioned. Several species are cultivated, for 
the grandeur of their foliage, in our stoves ; and some, such as Juheca spec- 
tahilis, Chamcerops e.rceha, are sufficiently hardy to be grown out of doors 
in the south of England. 
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Order CXXXIX. PANDANACEiE. Screw-Pi^bs, - 

CV«.s«. Spadicillorse , AIL AidlQ^^LindL/^^ ' 

oOO. Diafpiosis . — Tretis or shrubs of Palm-like habit, but ofterf dicho-i 
toinously brauched, with the leaves sheathing at the base, imbricated , iu 
.*1 spiral ranks; bowers numerous, naked or scaly, male and feonale or 
polygamous, arranged densely on a spadix furnished with' numerotis spa- 
ihaceous bracts ; anthers stalked, 2-4-ce] led ; ovaries mostly grouped, 1- 
celled, with solitary or numerous ovules on parietal placentas,; iriiils with 
a librous husk, 1-seeded, arranged in groups, or mauy-celled berries with 
inaiiy-si'eded cells ; embryo minute, imbedded at the side near the base of 
besliy albumen. , 

Illustrative Genera. 

Suborder 1. Pand ANILE. Fhnvers Subord. 2. Cyclantue^. Flowers 
)t(tki‘d ; leaves siinple. ruosthj with a periatdh; leaves futi- 

Paiidaiius, L.Jil. shaped or pinnate. 

Freyciuetia, Gaud. Carludovica, 11. P. 

Nipa, Humph. 

( Gyclanthus, Pott. 

Affinities. — This Order is related on the one hand to the Typhacem by 
tlu‘ inrtovesceiice, which resembles that of kipavffaniam ; on the other to 
the. Palmaceu), which tlu' Cijelantheie approach in habit and foliage. The 
brunciniig stem and the large aihdal roots of Fa?idanus (bg. 9) are ex- 
ceedingly curious. 

Distribution. — Tropical : tlie Pamlanew chietly in the East-Indian Islands, 
^lauritius, ; the ()/elanthire Jimavicm. 

Qualities and Uses. — 'Ilu* seeds edible ; saccharine fevmentible juice 
bows from the cut spadices of Nipa and other species ; tlie leaves and fibres 
are used for cordage, plaiting hats, iS:c. 

('lYrirACEJ: are niarsh-lierbs, with nerved and linear sessile leaves and 
moiKccious bowers, on a spadix or in heads, destitute* of a proper perianth, 
which is replaced by b or more scales or ^ tiii’t of hairs; 
stanu’us l-b, distinct or nKuiadelphous; anthers innate; Tig. 4-J. 
ovary s(ditary, 1-celled ; ovule solitary, pendulous ; em- 
bryo in the axis of mealy albumen (tig. •42i)) ; radicle 
lu'xl the hilum. Tlie habit and general appearance of these 
])laiits resemble those of C vperacem, and the hairs of the 
bowers of Tj/phn are analogous to those of Friopho)'um ; 
but th(‘y belong to the Araceous type, and the structure 
of tlieir iiitioresceiice approaches closely, iu Sparf/anium 
especially, to that of Pandanaceju, which, litiwever, have 
the ripe fruits more or less blended into a mass. There 
is also some resemblance in the inflorescence and iu the ^ 
flowers to Platanacea3. Tlu? plants grow in ditches and marshes in most 
parts of the world. The rhizomes of Tppha contain a certain amount of 
starch, and tlie young shoots of Ihilrnshes (T. lati folia and T. amjusti^ 
folia) are sometimes used as esculent vegetables, lifce those of Asparagus. 
The abundant pollen is^ilso nutritious, and is made into a kind of bread 
in Scinde, in New Zealand, and elsewhere.) 
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Order CXL. AROIDE^E. 

Clnsii. Spadiciflorfc, EndL AIL Arales and 
Juncales, EitulL Coh, Arales, Benth. et Hook, 

501. Diagnosis , — Plants with acrid or 
pungent juice, simple or compound (often 
veiny) leaves, and moncecious or perfect 
flowers crowded on a spadix, which is usu- 
ally surrounded by a large bract or spathe 
(fig. 4t30); perianth wanting, or of 4-6 
scales ; fruit usually a berry ; seed with 
the embryo in the axis of mealy or fleshy 
albumen, or occasionally exalbuminous. 



Illitstrative Genera. 

Subord. 1. AuASEiE. Fhwersim- [ Subord. 2. OaoxTiArE.E. 


perfect ; spadiv mrroundcd by 
spathe. 

Arum, L, 

Colocasia, Bay. 

Caladium, Vent. 
Diefienbachia, Schott. 
Richardia, Kunth, 


a I perfect y moatly with a perianth ; spa- 
dix surrounded by a spathe, or iiakcd. 
Tribe 1 . With a spathe, 

Calla, L. 

Pothos, L, 

Tribe 2. Without a spathe. 
Orontium, L, 

Acorus, L. 


Afflnltlet. — The peculiar thickened fleshy flowering stem densely 
covered with flowers of rudimentary structure, forming the spadix of tliis 
Order, together with the spathe met with in most cases, give tlio group a 
character of habit which is generally very distinct ; some genera, how(‘A’er, 
such as Acorm, depart from this form, and approach the Typhace.*® or 
CyperacesD in aspect, with which the spadiciflorous structure at the same 
time unites them ; they have further relations with tlie Pandanacem, and 
also with the Palmacem, in which the inflorescence shares tlie spadici- 
florous characters; and although the perianth is much more definite and 
highly developed" there, its presence in Acorus and Orontium of this 
Order forms a connecting link. I.emnacem are closely related here, and 
perhaps should he regarded as the simplest form of Aroids; but the 
conditions are so simple there that it is more convenient to separate thorn. 
From Naiadacefe, in which tjie iiiflorescence is moreover hardly spadici- 
florous, the Aroids are easily, distinguished by the character of tlieir seeds. 
The Araceae are either herbs, sometimes with very large leaves and 
spathes, or their stem becomes more pr less developed and branched, so ns 
to give them a shnibby character : while others are ^iphytic and climb- 
ing plants, producing aerial roots like the Orchids. Ine leaves are of the 
most varied character in this Order. 

Dlstrlbatloii. — A large Order, not numerous in temperate climates, hut 
represented there by Arunif Calla, and Acorm, Most abundant in the 
tropicS; especially in forests and the lower regions of mountains. 
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Qualities and Uses. — juices of the Aroids are generally acrid and 
dangeroiLs, some very poisonous ; but heat seems to dissipate the noxious 
principles. The acridity is replaced by agreeable aromatic pungency 
in Acoms Calamus. The conns and rhizomes often contain much starch, 
which is extracted, and purified by washing, from Armn mamlatum (Port- 
land Arrow-root) ; while the conus of Aram indicum, AmorphophaUus cam-- 
pamdatusj Caladium hicoloTj Colocasia escuknta (^‘Cocoes” and ‘^Eddoes,’^ 
West Indies), C. macrOvhiza (‘^Tara,” South-Sea Islands), and C\ hima- 
lai/ensis are eaten, roasted ^or boiled. The rhiyornea of Calla palustris are 
also eaten after thorough washing, huffenhackia seguinay the Dumb- 
cane ’’ of the W est Inditis, is so called from the inflammation of the tongue 
{Mid tiuices produced b}" chewing it ; Ihaeontium pertusmn (remarkable for 
its perforated leaves) has blistering properties. ISymplocarpus fcbtidu^y the 
^‘Skunk-cabbage” of North America, is very foetid, as is also the newly 
opened inflorescence of Arum Dracnncidmy A. italicumy and others, whicn 
produce sickness and serious indisposition in some constitutions. Eichardia, 
africana is tlu', wliite-spatlied Trumpet-lily ” of our conservatories. The 
species of Fhilodemlnm, with rosy spathes and broad leaves 2 feet and more 
long, are very hfindsome stove-plants. The recently introduced AntJiu* 
rium Svherzerianuut is partic.nlarly noticeable for its brilliant scarlet 
spathes and its twisted spadix. 

(lii'iMNACEiE are minute stemless plants, floating free on the water, 
either destitute of distinct stem and foliage, as in Lemnay or consisting of 
tufts of leavi's connected bv liliform runners (Pistia); producing few 
inoiuecioiis flowers, surrounded by a spat he, from a cjiink at the edge or 
upper surfac(3 of the frond, or in the axils of the leaves ; stamens definite, 
sonu^times inonadelphous ; oviiry 1 -celled, with 1 or more erect ovules 
from the basti of tin? ccllj fruit a 1- or more-seeded utricle I' embrvo 
straight, in tlie axis of flesliy {dbuimm. Lemnay the genus to which the 
common Duckweeds belong, is one of the simplest representatives of the 
riuinerognmia, composed of a stem consisting of 2 or 3 small leaf-like 
lobes producing little filiform roots below, and ultimately displaying a 
scale-like spathe at the margin, enclosing the inflorescence, reduced to 
two naked and unisexual flowers j the male flower consisting of one or 
two stamens, the female of a simple pistil. PisiiUy also represented by 
little floating water-plants, lias distinct tufted leaves, and the tufts are 
connected by flagellifonn branches like tl)e nmners of a Strawbei-ry. The 
spathes are here axillary, and they enclose separate male and female 
flowers seated on distinct parts of the central line of the spathe, which 
would appear therefore to be a branch, like the leafy pednnme of Euscusy 
or else it has the spadix or peduncle adherent to its inner face. By some 
this genus, with Amhrosimay i.s included under tl-ue A rads. The Lem- 
naceje are the lowest forms of the Aroid of Monocotyledons, and are 
relat(?d by habit to the Naiadaceie. The Lemmc occur chiefly in cool 
climates j PisHa principally in the tropics. Pisfia appears to possess 
acrid properties ; but the plants are of little importance, except, perhaps, 
as tending to purify the stagnant pools and ditches in which they abound. 
Genera : Lemnay L. ; ISstiay L. j Ambromiiay L.) 
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Subclass 2 ^, PETALOIDEjE. 

502. Monocotyledons, with the floral envelopes consisting of a 
regular or irregular perianth, of two whorls, both pctaloid, or more 
rarely both herbaceous, sometimes with a green or scaly calyx and 
a pctaloid corolla ; the flowers mostly perfect, more rarely unisexual ; 
the leaves with the primary ribs parallel, or with a midrib and 
parallel secondary ribs, or rarely reticulated somewhat in the same 
manner as Dicotyledons, but with the veins branching at more 
obtuse angles. 

The greater part of the Orders here associated have a natural connexion 
in the structure of the perianth (either superior or inferior), the syncar- 
pous ovaries, and the albuininoiis seeds. But a small assemblage of Orders 
whicli are included here diverge gieatly from the general character, while 
they ditler so much from each other that they cannot very well he sepa- 
rated in the form of one distinct group : these are the Ilydrocharidacejc, 
the AlisniacejTe, and the ?saiadacea>, which agree in the common character 
of an exalbuminous seed : hut the lirst have an inferior compound ovary, 
and seem to approach Bromeliaceat? ; the second have more or less distinct 
car])els, together with a gi‘eeu calyx and coloured corolla, such as occurs in 
Commelyiiacefe ; while the third, also apocarpous, in thedr simpler forms 
approaefi in habit to the Aracece. 

Section A. Ovary inferior. 

(Tac^xcv.je are tropical perennial herbaceous plants with tuberous 
roots and large leaves, somewhat resembling Araceaj in habit, hut witli 
epigynons, petaloid, hermaphrodite tlowei-s, the perianth of which is 
tubular ; concealing 0 stamens with petaloid lilaments incurved and hooded 
at the apex; ovary ]-celie<l, with 3 parietal placentas projecting more or 
less into the interior; fruit a berry; seeds with fleshy alhiimen. The 
plants are commonly regarded as connecting the epigynons Monocotvledons 
with the Aristol()chiao(-*;e, a Dicotyledonous Order with o-merous flowers ; 
they have afllnity in habit to the A race, ‘e, and in the flowers approach 
Dromeliaceae. The watery juices of the-v* plants are acrid; but the 
tuberous roots contain much starch. This is extracted by wasliing from 
Tacca pinnatlfidcty by the inhabitants of Taliiti and otlier islands of the 
South Sea, w^ho use the meal for bread, cultivating the plant in flelds. 
This species, with T. duhia^ montana, and others, are used in like maimer 
in Malacca, the Moluccas, Cochin China, kc,, and are sometimes eaten 
raw with an acid, which neiitmlizes the acridity. Genera : Tacciiy Forst. ; 
Ataccidy Presl.) 

Order CXLI. DIOSCOREACE/E. Yams. 

Class, Artorliiza3, Endl. Class. Dictyogens, Lindl, Coh, Iriclales, 
iScfith, et Hook. 

503, Diagnosis , — Plants with twining stems rising from large tuberous 
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or linotted woody i'oot-stocks, with broad netted-veined stalked leaves, 
small dioecious ()-androus regular flowers, the tube of the 0-parted perianth 
adhering in the fertile flowers to the 3-celled ovary j styles 3, distinct 
or deeply tritid ; ovaries 1~2 in a cell ; stamens of the barren flower 0, on 
the i)eriaiith ; fruit a 3-celled (or by suppression 1-celled) dehiscent 
capsule, or a succulent berry ^ seeds with a small embryo in a cavity in 
the liard albumen. " . ' . 

Illustbative Geneb 
Tamils, L. | Dioscorea, L. 

Affinities, — ^'elT near to 8milacea}, from which they difler in the in- 
ferior ovary and the. cavity in the albumen ; the mostly capsular fruit is 
replaced by a berry in Tamu.<, like that of l)ut inferior instead of 

suptu’ior. The ei)igynous condition relates these plants to Amaiyllidacefe. 
Some authors consider that they are related to Arislolocliiacete ; but it is 
a distant atliiiity. 

Distribution. — A rather largo gvoup, chiefly tropical ; Tami/s co7nmunis 
is ]>ritisli. 

Qualities and Uses. — The sap is often more or less acrid ; hut the tubers 
formed l)y certain species of Yams, Dioscorva mtivay alatcij and andoafa, 
contain abundance of starch ; so that, uiidei* cultivation, and after cooking, 
wlu'u tli(‘ noxious pi inciple is dissipated, they become ^ aliiable articles of 
food. The* tuhers of other ,‘?re iiidit for food; and tliose of 2r/- 
co)nmfnti'<, Jiluck Ihyoiiy, liavt* acrid, purgative, aud emetic properties. 
clvphauiliivs.n Cajx* plant, in cultivation in our liolanic Gar- 
dens, pr(;duc(\s a renmrkable tuber above ground, resembling a rugged 
stump i)f on ohl tr(*(*, covertul by a kind of false bark, which is tessellated 
with large comi)()imd angular f.icetsj its internal substance is eaten by 
the lloltmitots. 

( rnii, ESI AOE.i: av('. climbing or erect shrubs with coriaceous, netted- 
ribbed leave> aiul large and showy p(*rfi*ct flowers with an O-iuerous peri- 
anth in two circles, equal, or the calyx much shorter ; stamens 0, adherent 
to the. perianth at tlie base; ovary 1-celled, with 3 parietal placentas; 
ovules seniianatropous (not orthotro])oiis, as is commonly stated). These 
plants, consisting of Lajnfpvrla rof<va^ a climbing shrul^ with beautiful 
crimson flowers, and PJiilr.vtf bvxifoUa, the fl(nvers of whicli difler chiefly 
in the marked difl(.*rence of (•alycine and corolline circles and the mode of 
union of the bases of the filaments, difler from Liliaceoe chiefly in the 
parietal position of tlu' ]dac«mtas ; in habit Lapnfpria is related to Smihu', 
and is in some ineasur(‘ intermediate between Smilacem and Liliacene. 
They are Chilian plants, now in cultivation with us. Lttpageria bears 
sweet edible berries.) \ 

(lloxBrBGiirACEA«] consist of 4 species of i?o.r Jar//// m, twining shrubs 
with broad leathery leaves and tuberous roots, from the hotter parts of 
the East Indies. Their liabit connects them with Smilacea? ; but their 
periaiitli is composed of 4 petaloid pieces, and tliey liave 4 stamens with 
enlarged connectives (eacli set of organs, according to Griflith, in 2 di- 
merous circles), and the 1-celled ovary (formed of 1 carpel, according to 
Griflith) lias numerous anatropous ovules arising from the base of the 
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cavity; the sessile stigma is penicillate. The fruit , is 2-valved, with 2 
clusters of seeds attached on long cords ; embryo in the axis of fleshy 
albumen. The affinities of these plants are not clear ; but the resem- 
blance is perhaps greater to Pans than any other genus that can be 
named.) 


Order CXLIL SMILACE^E. The Sarsaparilla Order. 


Class. Coronarie£e, P/ull. Class. I>ictyogens, LindL Coh. Idliales, 
. Benth. et Hook. 


Fig. 481. 

504 . Dlarfmsis . — Herbs or climbing shrubby plants with 
stalked netted-veined loaves, regular perfect or dimcious 
flowers, with the O-lO-parted perianth of the fertile 
flowers free from the 3 - 5 - (rarely l-2-)celled ovary ; 
stamens 6-10, introrse ; styles or sessile stigmas as many 
as the cells of the ovary, and distinct ; fruit a berry 
with few or several seeds ; embryo minute, iu hard fleshy 
albumen. 

Illustrative Genera. 

Smilax, L. Trillium, Mill. 

Paris, L. Medeola, Gronoc. ,1 

i! 

Affinities. — The plants are not separat(,*d bv any good cliarac- sttnnm 
ters from the Asparageous tribe of the Lillaccm on tin; one oi Farm, 
hand, while they pass into DioscoreacecX* on the other, from 
which they differ cliieflv in having a superior ovary. iSmilax represents 
Siiiilacete proper; Pans, Trillium, S^(•. ha^e tlie calyx unlike the corolla, 
and are souietimes made a s(‘parale ( )rder, calltnl l'rilliac(‘{e. 

Distribution. — A considerable Order iu point of numbers. Temperate 
parts of Europe, Asia, and America. ^lariy spt'cics of Smilax in tropical 
America and Asia. 

Qualities anc^Uses . — Smilax has diuretic and demulcent properties, for 
which the creeping rhizomes of many species are used, under the name of 
Sarsaparilla, as Sm.'i}mlira{W^Y9. (huzj, S. Purhampuy (Peru), S. syphi- 
litica (Brazilian), S. officiualis (Jamaica), S, (flyn/pkyUa ( Australia) ; 
Smilax aspera and exvdsa, natives of 8. Europe^, have similar pioperties. 
Smilax China has a fleshy root, said to possess similar properti(‘s. S. 
Pseudo-China is largely used in domestic medicine in the ihiittid States. 
Paris, Trillium, and Mtdoolafixvo. more allied to the active Liliacea} in their 
properties. Paris madrifolia, a curious herb growing in groves in tliis 
country, is said to be a narcotic and poison ; Blvdeoia \:irginica is emetic 
and diuretic. The species of Trillium are violent emetics. 




PETALOIBBiE. 


375 


Order CXLIII. LILIACEiE. Lilies. 

Claas, Ooroiiarioaj, EndL AIL Liliales, Lindl. Coh. Liliales, 
Eenth. et Ilooh. 

505. Dl(ff/nf>sls. — Herbs with parallel, sessile or sheathing leaves, 
regular peifeet 0- (rarely 4-)ariclrous flowtu.,, with the pctaloid 6- 
mcrous perianth free from the 2-3-cellcd ovary ; anthers introrse, 
attached by a point ; style single ; albumen fleshy. 

CIm meter. 

Perianth free, of 0 pieces in 2 circles (fig. 432), distinct or united, 
mostly of similar colour, and regular. 

Stamens (), introrse, insei’ted on the segments of the perianth. 

Ora r if free, 3-cell(‘d, with numerous anatropous or amphitropous 
.ovules oil axile placentas ; sti/fes simple ; stigma 3-lobed or undi- 
vided, som('- times sessile. 

Fruit dry and capsular, loculicidally valvate, or succulent and in- 
dehiscent; seels with, the embryo mostly in the axis of fleshy 
albumcfi. 


Fig. 4:i3. Fig. 434. 



Fip. 4-}2. Flower otScilla. Fig. 4^3. Stamen of Allhnn. Fig. 434. Inflorescence of Huscuit. 


Il L r s Til ATI V 10 Gen era. 

Tulipa, lounicf. | Saiisevi(*ra, Thunh, Hyaciuthus, L. 
Fritillaria, Z. Aloe, Tottnwf, Asphodelus, Z. 

lalium, Z. Yucca, Z. * Asparagu.'^, Z. 

Funlda, Sfrr, Allium, Z. Dracama, rand. 

Agapauthus, Ilcadt, Scilla, Z. Convallnria, Desf* 

Phormium, Forst Muscari, Tournef, Ruscus, Tournef, 

Affinities. — Loolnng only at the more familiar forms of the Liliaceae, 
the characters of the flowers are very definite, although tlie habit of the 
plants brought together in this Order varies extremely ; but there exist 
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certain genera of petaloid Monocotyledons, whose relations appear closest 
to Liliaceie, which form links of chains leading olf in very varied 
directions, throng the Orders of this Subclass. Tulipa and the allied 
genera, with usually distinct lobes to the peiianth and versatile anthers, 
are bulbous lierbs ; Funkui^ IlemerocnUtSj and other genera have a more 
or less tubular perianth, and often tuberous roots instead of bulbs ; A/oe 
has thick succulent leaves on a perennial stem ; Yucca has a Palm- 
like stem and rigid leaves. Scilla, AUium, and their allies are bulbous 
herbs, ditfering chietly from the group to which Tulipa belongs in the 
lirmly tixed anthers, and a membranous spathe enclosing the inlloresctmce 
when young. Anthcrmim and others resemble the last, but have tuberous 
or fibrous roots; Aphjllauthes is a plant with the habit of Juncaceie and 
the ftower of Liluicea^; Xanthorrluvdy a genus belonging to the same group, 
forms a woody trunk like Yucca, or a small Palm. Asparar/us and its 
allies, including CouvaUaria, Smilacinn, Jiusciui, kc., together ^^^th the 
arborescent Fracccurc and Cordiiliucs, are Liliace;e with succulent fruits, 
and scarcely separable from Smilae(‘;e. Conanfhcra and its allii'S, with the 
general structure of Tiiliaceoe, have the perianth more or less adlicreiit, 
thus approaching .\maryllidaceiTe. Wachendorjia, Lophioln, and others 
have the free ovary of Liliacem, but triandrous iioAvers {iiid the foliage of 
Hjcmodoracet'c. Aspidistra bears some ves(‘m])lance in its foliage to 
ZingiberaceiC, while the character of the flowers approaches that of the 
complete Aracetc. Ophiopofjou and Pcliosaufhcs vire likewise doubtfully 
placed here : but their struct lire is not satisfactorily made out. 

VVe see, therefore, that the Liliacem have widely spreading relations, 
although the typical forms are at once distinguishable. The supcu’ior 
ovary separates tliem ’from AmaryllidjU'ete, tind tin* introrse stamens and 
closely coherent carpels from the Melanthaceaj. Their very netir con- 
nexion with Sinilac(‘tB is noticed above ; they have a more divstant afii- 
nity to the Palms and to the Juncacem in the gemeral structure of the 
flowers, ditfering from both in habit, fruits, and seeds. Gilliesiacojc and 
Pontedeihcece are scarcely more than aberrant Liliaceae with irregular 
flowers. 

The structure of the arborescent stems of Draccpua, Cordpliuc, Xan- 
thorrhcm. Yucca, kc. has attracted considerable attention, since, contrary 
to the usual habit of Monocotyledons, their trunks sometimes incrensd 
more or less in thickness with ag-o. IIowevt‘r, the central axis corresponds 
essentially to that of the Palms; only a pomliar rind or false bark exists, 
capable of increase by layers, somewhat in the same way as the libtT of 
Dicotyledons^ 

Distribution. — A large Order, the members of which are very variously 
and widely distributed ; the bulbous kinds common in temperate climates, 
the fibrous-rooted with theiu and in warmer localities : the succulent- 
leaved Aloes cliiefly S.-Afiiciwi ; the {irborescent forms mostly subtropical. 

Qualities and Uses. — Many of the Lilia<!ete have acti\ e properties, and 
the juices, the fibres, or the fruits afford products of ' alue in the arts. 
The juice of the succulent-leaved Ahes dries into a kind of resin, medi- 
cinal Aloes, one of the most valuable of purgatives; the species from 
which it is usually obtained are Aloe Hpicata, v^df/arisj socofrinUykc* I’he 
bulb of XJryinea maritima is the Medicinal Squill, valuable ns an expec- 
torant and diuretic, but emetic and purgative in large doses. Pancratium 
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(often cultivated for its flowers) has similar properties. ' Ther leaves and 
roots of Erythroninhi (Dop:^s-tooth), of the Hyacinths {Hyacinthua orim^r 
falis^ Imitamcus^ Scilla nntam\ and the grenera Muscari, Orniihogakm^ 
Gayea, all have emetic qualities ; the tuberous fibrous roots ef Afiparagvs 
and of tln^ I .il y of the Valhiy ( Convallaria mojalis) are said to be purgative j 
th<)S(‘ of Solouion’s Seal ( Ctmvallaria Polyyminiitm) are acrid. The bulbs 
of the (h’own-imperial {Fritillaria impej^iaiis) and other species, and of Glo- 
svperha^ are said to be very poisonous. The bulbs of the genus AUium 
Jiave milder prop(‘rties, and at tlio same time possess a pungent quality, on 
account of wliicli they are extensively gi*own for food, the large and milder 
cultivated kinds being esculent vegetables ; the smaller and more pungent 
are valued for imparting flavour. Allium C(pa is the Onion ; A. Porrmn, the 
Leek ; A. fialinon, Oarlic ; A. ScliwywproHumy the Chive ; A. ascalonicumy 
the Sluillot; A. IScorodopram/my the Rocambole : Spanish Onions,” coming 
from S])ain, rortngal, and Egypt, are mild varieties of the common Onion, 
the bulb growing to a Inrger size, and forming less of the pungent secretion. 
The bulbs oi Lilhtm pompnnitoit constitute an important article of food in 
Kaintschntka ; the tubers of CHmasxia eacuk'yita are eaten by the Nortli- 
Americaii Indians. I'lie woody roots of Draccena torminaliH ( C<>nlylitie Ti) 
are eabm, roasted, by the Sandwich Islanders; .sugar and fiu’mented liquor 
ar(^ lik(‘wise prt'pared from ils juice; its leaves furnish fodder for cattle, as 
do those of the (Irass-tree {X((nthon'h(ra) in Australia ; the bas(?s of the 
young leaves and the heart of the buds of the latter are sometimes used as 
esculent vegetables ThC table Asparagus consists of the very young 
annual shoots {iifriono,^) of Ai^paraym ojficinnliiiy nmdered succulent by 
cultivation. Astringent resins are obtained from some kinds: Dracama 
Drmoy the Dragon-tree of 'J'enerifie, yields the true Dragon’s Blood, for- 
moily much used in medicine, hut now seldom met with, the resin of 
l^vroparpm (Legumim^sm) being substituted. Xanthon'hmi arhorea yields 
Botanv-Ilay Gum, which is yellow, pungent, and smells like IVnzoin when 
burnt. Phonnivm teuaxii^ the Now-/(‘aland Flax plant : the fibre of the 
leaves is very tenacious, as is that of various species of Sansevuraj known 
as African Tiomp and Bowstring Hemp in Airica and the East Indies. 
Active properl i<‘s and uses are attributed to many other less-known spe- 
cies. A gi eat number of I aliaceae, hardy and tender, ornament or.v gardens 
and stoves, as will be r<'cognized from the list given above. Pvlianthe.^ 
tuherosa is the Tuherost', celel)rat(*d for its frngranet*. The Butcher's 
Broom acylcatu!^) is remarkable for its foliaceous peduncles (fig. 

4.‘)4) and really almost leafless stems; and tlie fully developed flowering- 
stem of Asparagus has only needle-shaped branches simulating leaves. 


Order CXLIV. MELANTHACEiE. The Colchicum 

Order. 

Class, Coronariem, Endl. All, Lilinles, Lindl. Coh. Liliales, 
Benth, et Hook. 

/)0(). Diagnom , — Herbs with bulbous, tuberous, or fibrous roots, 
regular G-nicrous and G-audrous flowers, the G-pnrted pctaloid or 
green perianth free (or nearly so)’ from the 3-celled ovary ; 3 more 
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or less distinct styles, and cxtrorse adnato anthers ; capsule 3-valved, 
septicidal, or sometimes lociilicidal ; seeds with a membranous testa ; 
the embryo minute, in fleshy or horny albumen. 

Illustrativk Gkxkiia. 

Tolieldia, ILtds, ^relaiithiiim, Z. Bulbocodium, L. 

Asayriea, Limil. Uviilaria, L. Colchieum, Tounief, 

\’eratrum, Tour it ef, 

Acanitios. — This Order stands very near to Liliaceie and to Juneace.'e : 
from both there is a ofoneral distinction in the evtrorso anthers and 
the septicidally tripartible capsule ; but iieithi'r of tlu^so characters is ab- 
solutely greneral. The position of the anthers must bo e.vamined in tlie 
biui, as they become disarrau<red by their weiijfht and dtdiiscence in the 
open dower. Umlarin has a lociilicidal capsule and united styles, and 
thus approaches Liliacem through Enjthroitmm : while Strcpfopns and J>/- 
spomm approach in character to Smilacoa*, having a baccate fruit, and the 
latter arrow-shaped anthers somewhat like Parts. Calchicam resembles 
in habit Crocus among the. Iridacem, and iSfernhctyla among the Ainaryl- 
lidacene. Toficldia has introrse anthers, and approaclies Juueacem both 
in this respect and its habit; but its pods are septicidal. 

Distribution. — A considerable group, generally diltused j most abundant 
in Europe, N. America, and X. Asia. 

Qualities and Uses. — More or less poisonous, with acTid, purgative, 
emetic, and sometimes narccftic action ; several of the more active speck's 
yield valuable medicines. Of Colchieum aitfumnalc^ called Meadow Saf- 
fron or Autumn Crocus, both the conns and seeds are very active ; Vera- 
trum album f White Hellebore, V. nif/rumy V. iSabadillay 1^. viridc (N. Ame- 
rica), Asaf/rrea officinalis (Sabadilla or Cevadilla of Mexico), all share the 
acrid narcotic qualities, poisonous or medicinal, according to the dose. 
Most of the other genera are suspicious or dangi'rons, except perhaps 
the Uvi^larice (X. America), which are said to be merely astringent. 


Order CXLA^ JUNCACE/E. Rushes. 

Class, Coronariem, Endl. All, .Timcalcs, Lindl, Coh, Liliales, 
lienih, ct Hook. 

507. Diaf/nosis. — Crass-like or sedgy herbs, with fibron.s roots, or a 
subterraneous rhizome, with jointi'd .'^tenis, ollen capitate infiort'scence, 
and a regular persistent perianth of (5 similar scale-like pieces (fig. 422); 
stamens 0, or rarely •!, with introrse antliers ; ovarv l--,’l-celled, producing 
a 3-valved, 3- or many-seeded, or sometinu^s a 1 -celled and, by suppression, 
1-seeded capsule ; embryo minute, in fleshy or horny albumen. 

Il LU.STI l ATI VE OenEH A . 

Luzula, DC. I Juncus, DC, | Nartbecium, Mcchr, 
Afflnitieti. — With Juncacem are included by Jjindley a number of 
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ffenera which are regarded as doubtful, or established as separate Orders 
by some writers, ^uch as Adeliecc^ a group of woolly-leaved epiphytic 
plants of the southern hemisphere, and Kingkc^y plants with a stem like 
Xanthorrheva and a 1-seeded fruit, and some others. The genus Juncm 
(liiishj relates the Order to Liliaceai, from which the chief difference lies 
ill the liabit, the small embryo, and the giunioid character of the seg- 
ments of both ciicles of the perianth ; JSurthecium connects them ,* from 
Xyridacem the latter character divides them. Xei'otes approaches the 
Palms in th(‘ character of the llowtas j and this is associated with Kingia, 
which has an arborescent habit. The scaly perianth connects them with 
Cyperaceie, Pestiacete standing hetw(‘en and dilfering from the Juncacese 
in trifling points which will be noted under that Order. 

Distribution. — \ considerable group, the mmnbers of wliich are natives 
chiefly of cold or temperate regions j some occur in tropical Australia. 

Qualities and Uses. — W’ithoiit import ant pr()]ierties in most cases. The 
leaves of liuslies (spe(‘ies of are largely used for making mats, 

chair- bottoms, &e. ; and the pareiicliyma or pith ” of the C} lindrical leaves 
and stems was much used until recently for making the wicks of rush- 
lights j this substan(;e has a beautiful microscopic structure, being formed 
of regular vstellate cidls. 

(XviuDACKiK are sedge-lik<i herbs with e(piitant leaves sheathing the 
base of a naked scape, which is terminated by a heail of p(U*lect fl-androus 
flowers, with a gluniaeeous calyx, a regular corolla, and extrorse anthers; 
the .‘i-valved, mo>tly 1-celled capsule containing several or many ortho- 
tropous seeds, witli a minute eiulawo at the tip(L\ of flesliy albumen. In 
habit these plants approach the Gluniaeeous Orders, as (’yporacea}; but 
the flowers are pi'taloid as regards the inner circle of organs, or corolla, 
nearly approaeliing Gomnielynacia}, from which they differ in having 
epipetalous extrorse stamens, in the scaly calyx, and general habit. They 
are natives of the tropics or adjoining regions. 'N'arious species of Xyris 
arc used us remedies for cutaueous afleetioiis both in India and America.) 


OiiDEK CXLVI. COMMELYNACEyE. Spider-wouts. 

Class. Enantiohlasta}, IjuU. All. Xyridales, Lindl. Coh. Commelynales, 
lie nth. vi Hook. 

508. Diagnosis . — Herbs with lihrous, sometimes thiekened roots, jointed 
and often branching leafy stems, and chiefly perfect and O-amhous, often 
irregular flowers, with the perianth free from the 2-t‘l-celled ovary, and 
having a distinct green calyx and a coloured corolla, each of *‘l parts, the 
calyx persistent ; .stamens 0, all fertile or .soiift abortive, often very peculiar 
in form; capsule 2~Jl-celled ; seeds few (2) in a cell, attached by a linear 
hilum ; embryo pulley-shaped, remote from the hilum, in dense fleshy 
albumen. 

Illustrative Genera. 

Comnielyna, DilL | Tradescantia, X. 

Affinities, Ac. — This Order, to wliidi belongs the garden Spider-wort 
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(^Tradescantia I'irginica)^ maybe regai*cled as one of the groups intermediate 
between the Orders with (J-meroiis glumoid perianth, like the Juncaeoio, 
and the petal oid forms like Liliacea?. The jointed solid steins of Tra^ 
descantia are interesting in regard to the comparative structure of Mono- 
cotyledonoiis stems ; they emit roots freelj'' from tlie nodes like Orasses. 
The liairs of the filaments of the stamens of Tr. virtjinica are classic ob- 
j’ects to the botanist, from the discovery in them of the rotation of the 
cell-sap in non-aquatic plants. The rhizomes of Commehjmi ccvlestis, tuhe- 
rosa, and others contain starch and mucilage, and are used as food in 
India. Some of the species are said to have medicinal properties. Tliey 
are natives of India, Australia, Africa, and the West Indies — a few of 
North America. Tradcsemttia vin/imea is hardy in our gardens. 

(PoxTEDKRACK^E are a small Order of aquatic herbs with perfect 
more or less irregular flowers in a spathe; the petaloid, 0-nierous 
perianth free from the 3-celled ovan’ ; the 8 or 6 mostly unequal or 
dissimilar stamens inserted in its throat. They are separated from 
Liliaceoe chiefly by the irregular flowers, tlie persistent perianth rolling 
inwards after flowering, and by the mealy albumen of their seeds. They 
are natives of America, North and ►Soutli India, and Africa, and do not 
appear to have any important properties. Some of the Pontvdvrice are 
usually grown in stoves where there is a tank, on account of their blue or 
yellow flowers.) 

(Mayace^e consist of four species of Mayaodj little Moss-like plants 
occuiTing in America, from llrazil to \’irginia, separated from Comme- 
lynacete on account ofl their Iiabit, 1-celled anthers, 1-celled ovary with 
parietal placentas, and the carpels opposite the inner lobes (petals) of the 
perianth ; they have no useful properties.) 

(Gilliesiaceje are a small Order of plants of somewliat anomalous 
structure, related to Liliacew; they are bulbous herbs with spikes of 
flowers which have a double circle of petaloid envelopes, 0 or 8 subulate 
processes, then a cup-like or labelloid orjraii bearing or 0 antliers on its 
inner surface, and a 3-celled ovary. Lindley regards the jietaloid enve- 
lopes and subulate processes all as bracts, and the structure on which the 
anthers are home as the perianth. ( )ther authors are opposed to this view. 
GiUiesiaf^ Irindl., and Miersia^ Lindl., are both Chilian gemna.) 

(PHTLYDRACEiE are herbs witli fibrous roots, en si form leaves with 
■ equitant bases ; floweijs in a persistent spathaceoiis bract, without a calyx, 
but with a 2-petalous corolla ,* 3 colierent stamens, of which the 2 lateral 
are barren and petaloid, and the middle has a 2-celled anther, the whole 
adherent to the anterior lobe^of tlie perianth ; the ovaiy- superior, 3-celled, 
with axile placentas j seeds numerous, wdth an embryo in the axis of 
fleshy albumen. This Order consists of two plants, Phihjdrum lumtgino^- 
mm (Australia) and (China), exldbiting, with a superior 

ovary, appearances analogous to those in the epigynous' group of Orchi- 
dacem and their allies. Lindley regards them as related to Commelyriacem 
and Xyridaceae ; but they would appc*ar to be rather a kind of perigynous 
Zingiberacese. They have no knowm uses.) 
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Order CXLVII. ORCIIIDACEJ3. Orchids. 

Class, Oynandrse, EnclL AIL Orchidales, Lindl. Coh, Aniomales, 
Bentk, ct Jlook. 

509. Diagnosis. — Herbs, distinguislied by their irregular flowers, 
6~merous perianth adherent to the ovary ; stamen (1, or very rarely 
2) gynandrous, pollen cohering in waxy or mealy masses ; ovary 
inferior, placentas parietal. 

Character. 

Perianth mostly petaloid, adherent, in two circles ; the outer circle 
of three pieces (sepals), distinct or more or less coherent below, 
two lateral and one anterior (or posterior when the ovary is 
twisted) ; the inner circle of three pieces (petals), or rarely one, 
alternate with the sepals, two lateral, and one (the Jabellum) pos- 
terior (or, by the twisting of the ovary, anterior) (figs. 435 & 436), 
usuall}' longer and larger than the others, variously formed, with 


Fig. ^30. 



Fig. 4SS. Flower of Orchu*. nnd 

Fig. 4:^rt. Diagram of ditto; a, a. a. sepals; b. b. petals; 6', labellum; 6", apwr. 
Fig. 437. Clavate pollen-mass and cawdicle 


or without apj>cndages, sometimes divided into 3 regions by con- 
tractions, forming hypochilium (at the base), mesocliilium, and epi^ 
chilium ; free, or more or less adherent to the column. 

Stamens gjmandrons, the filaments confluent with the style into a 
column, bearing mostly 1 perfect anther on the side turned away 
from the labellum, with 2 lateral processes (abortive anthers), or, 
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^^arely, 2 perfect lateral anthers with an abortive process next the 
'Odd sepal ; the pollen pulverulent, or in grains, more or less cohe- 
rent, or in definite waxy masses which are free or provided with 
a pedicel or caudlrle (fig. 437), which adheres to a gland or glands 
at the apex or rostollum of the stigma. 

Ovanf inferior, l-celled, with 3 double parietal placentas bearing 
numerous anatropous ovules; stple 1, confluent with the filaments 
into the cohimn, which is surmounted by a 3-mcrous, mucous, dis- 
coid sti^nvi facing the labellum, its lobes alternating with the 
lines of placentation ; the lateral lobes usually abortive, but some- 
times forming divergent processes, the odd lobe more or less 
developed into a beak (rostellnm) bearing 1 or 2 glands. 

Fruit 'mostly a capsule bursting by 3 valves, bearing the placentas in 
the middle, separating from the midiibs of the carpels, which re- 
main as an open framework : rarely a flesliy indehiscent pod ; seeds 
very numerous and extremely small, consisting of a cellular nucleus 
without distinct radicle or plumule, enclosed in a loose membranous 
or rarely crustaceous testa. 

lLLrSTRATI\"E GeNERA. 

Malaxis, Swz. Aeridos, Lour, 

Dendrobium, Swz, Oncidium, Swz, 

Epidendrum , L, ( Idontoglossum, I£, B, K, 

Cattleya, Lindl, Stanbopea, Frost, 

Vanda, R. Br. ^faxillaria, FI. Per, 

Phalaenopsis, Bl. Catasetuni, Rich, 

Affinities. — The comparative anatomy of this very extensive and curious 
Order forms one of the most interestii>g subjects in botanical Morphology. 
In the greater part of the genera the ideal Menocotylcdonous type is 
departed from in several particulars, as : — in a more or less considerable 
irregularity of the perianth, especially in the condition of the labellum ; 
in the circumstance that the filaments are confounded with the style into 
a central organ, prolonged from the inferior ovary, called the column^ and 
that generally 2 out of (at least) 3 anthers are abortive, while the pollen 
is frequently less developed than usual, the process of subdivision into 
distinct cells or granules being arrested, so that it remains in compound 
masses of various degrees of magnitude and of more or less firm ana even 
waxy consistence. In some cases, however, the penanth is almost 
regular, so as to resemble that of some of the genera of Iridacem ; and in 
Cypnpedium we find 2 anthers developed and only 1 abortive. Among 
the oth^ remarkable peculiarifles of the structure are processes of various 
lands occurring upon the column and labellum, whicn tin re is reason to 
regard its indications of abortions of staminal organs. These have given 
rise to the opinion that the elements of 2 circles of stamens exist in this 
Order, of w^iich 5 are usually suppressed, the perfect one belonging to an 
external circle of 3, while in Cypripedium the 2 which are developed are 
members of the inner circle of 3, one of which, with the entire outer 
circle, is abortive. This view is supported by numerous exceptional 


Orchis, L, 

Ophrys, Swz, 
Vanilla, Stv, 
Epipactis, Haller, 
Cypripedium, L, 
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instances, in which some or all of the ordinarily suppressed stamens axa 
present, and by the anatomical construction, which reveals the existence, 
of as many bundles of vascular tissue in the column and ovary as there 
are stamens and carpels. The suppression of 2 out of 3 stamens connects 
this Order with Marantaceae and Zinpriberacem, where the same phdno- 
nnmon exists in a different modification, as mentioned under those Orders ; 
the Apostasiaceae have 2 stamens only, with their filaments adhering to 
the lower part of the style. The ovary is apparently formed of 3 carpels, 
witli tlie stigmas simple', since they alternate with the placentas : Lindley 
supposes the ovary to be fonned of (1 carpels, 3 fertile and 3 barren ; but 
this seems contrary to analogy and without sufficient independent sup- 
port; in Apostasiaceaj, JMarantaceJC, and Zingiberaeeae the ovary is 3- 
celled, or sometimes imperfectly so in the last, from the margins not 
meeting in the centre. The seeds, which are very minute, are of simple 
organization ; the ovules, at the time of fertilization, consist solely of an 
embryo-sac with 2 integuments ; and the ripe seed presents an embryo 
devoid of distinct organs (cotyledon and radicle), enclosed in a loose 
testa — in this respect exhibiting a relationship to Burmanniacea?. 

The labcdliim sometimes exhibits irritability, moving spontaneously or 
when touched {MeijacUmnm^ liolhophyllttm^ Szc.) : its forms are most varied 
and strange, often causing the entire flower to resemble an insect or 
some otlier living obje'ct. The rostellum and stalk of the pollen -masses 
are also endowed witli contractile properties. In Catasetum these are so 
powerful as to caiu'-o the sudden forcible ejection of the pollen-masses 
from tile antlier-cells, when the rostelluin or other sensitive organ is 
touched, as by the proboscis of an insect. Insects visiting orchid flowers, 
for the soke of the lionev in the spur or nectary, come into contact with 
the rostellum, and thus libernte the pollen-masses. These latter adhere 
firmly to the insect’s back by mt'ans of the gland at the end of the stalk, 
so that the pollen-mass is conveyed to another flower. It must, how- 
ever, be remarked that if the pollen-mass retained the nearly vertical direc- 
tion it had on its exit from the anthei*, it would, when introduced by the 
insect into another flower, strike against the anther, and not against the 
stigma. In order to place the pollen in such a position that it shall 
impinge on the stigma, the caudicle or stalk of the pollen-mass contracts 
so as to give the pollen-mass the requisite horizontal direction. This 
movement can readily be seen by thrusting the point of a pencil into a 
flower against the rostellum, when the pollen-masses will adhere to the 

E (?ncil, and may he withdrawn from the anther-case, and, if watched, will 
e seen to bend downwards, in the manner just described, immediately 
afttu’ their removal from the anther. These movements will he again 
allude d to in the physiological portion of this work. 

Two extremely distinct forms of the perianth sometimes present them- 
selves on the same flower-spike, so that thewrne species has received two 
specific titles, and even three distinct genenc names : — e. </., Mimachari’- 
ihm^ Myanfhusj and CataMumynow all included in the last named genus, 
and Cyawches veniricomm and Egertonimmm^ now known to he fonns of 
one and the same species. This was considered a most anomalous circum- 
stance till it was shown by Dart^dn that the diflerent forms represented 
diflerent sexes, the male flowers being diflerent from the female. The 
Orchidaceoe are terrestrial in temperate climates, forming subterraneous 
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tubers (§ 49)or tuberoiisly enlarged fibrous roots, from which the flowering- 
gtera snoots up afresh every season. In warm and mdist climates they are 
very frequently epiphytic, hanging on the branches of trees, or even 
attaching themselves to rocks and other foreign objects. These kinds 
generally form some kind of stem-tuber, either from the lower internodes 
of the axis which has just flowered, or of a new axis, soimitimes from the 
whole of the internodes of a long jointed leafy axis, The roots which 
haii^ down from them are soft and delicate at the apex ; and the epi- 
thelial cells exhibit spiral-^fibroiis thickening of a peculiar kind. 

Distribution. — Orchids are very numerous, and occur in almost all parts 
of the globe, except the very coldest, or in very dry regions. In temperate 
climates they occur cliiefly in shady woods, damp pastures, or open cal- 
careous downs ; but they are most abundant in damp situations in the 
tropics. 

Qualities and Uses. — The properties of these plants are generally un- 
important. Tlje subterranean tubers of some form nutritious food, froin% 
the presence of a gummy substance : that of a native species, Orchis 
7nmcula^ was formerly collected and sold for the preparation of iSalep ; and 
other kinds are eaten in India. ‘ Some of the South-American yield a kind 
of vegetable glue ; Aplectrum hyemale. the North-American Putty-root, is 
used for making a cement for china. The most important plants, perhaps, 
are Vanilla planifolia and other species, and a species of Sohntlioy the 
dried pulpy pods of which furnish the Vanilla used for flavouring choco- 
late and confectionary. A few others are described as having medicinal 
properties of various kinds. 

(AposTASiACEAi: is a small Order of perennial herbs nearly related to 
OrchidacefB, bearing a regular perianth and 2 or d stamens which are con- 
fluent by their filaments with the lower part of the style (the anthers 
free), forming a kind of column, prolonged above into a filiform process 
with a 3-lobed stigma ; ov'ary 3-celhjd, with axile inany-seeded placentas ; 
seeds apparently as in Orchidacoje. These plants differ from Orchids chiefly 
in the free condition of the upper part of the style, and the 3-celled ovary; 
but as the latter character is incon'‘tatit in some Monocotyledonous Orders, 
probably this Order sIioiiM be unit(}d with Orchidacem : they are near to 
llurmanniacea) also ; but that Order has free stamens. Lindley regards 
this Order as connecting Orchidacje with AmarvllidacenG through I lypox- 
idaccfe. They are natives of damp woods in tropical India, and are 
without known properties. Genera: Apcstasia, 111., &c.). 

(Burmanniaceas are small annual herbs, often with minute and scale- 
like leaves, or those near the root grass-like ; tlie flowers perfect, with a 0- 
cleft petaloid perianth, the tube of which adheres to the 1-celled or 3- 
celled ovary ; stamens 3, distinct, introrse, and opposite the inner segments 
of the perianth, or 0 and ext»)rse ; stigmas 3; capsule many-seeded ; the 
seed.s very minute, with a homogeneous nucleus in a loose membranoii.s testa. 
Natives of the tropics of America, Africa, and Asia. Some ore probably para- 
sitical. The affinities of these plants are rather obscure; they apparently 
agree with Iridace® in the character of the flowers, but dilFer in tlie posi- 
tion and number of the stamens ; while, by the seeds resembling those of 
Orchidace®, they form a connecting link between these two Orders. They 
are said to be oitter and astringent, but are unimportant in these re- 
spects. Genera r Barmanniay L. ; Thkniia^ Griffi, &c.) 
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Order CXLVIir. ZINGIBERACEj®. The G-inger Order. ^ 

Class, Scitaminefo, Eadl. All, Amomales, Lindl, Coh, Amomales, 
limth, et Hook, 

510. Diagnosis, — Herbaceous plants with a creeping rhizome; 
leaves broad, with a sheathing petiole, and numerous parallel veins 
diverging from a midrib ; dryers spiked or racemose, with spatha- 
ccous membranous bracts ; perianth adherent, irregular, in three 
circles of three parts, on e peta l being larger in ^ach of the two inner 
circles.; stamens 3, distinct, 2 .‘ibdilivb, and the fertile one posterior, 
oj)positc file labelluhi or lai^e~scgm'cnt of the innermost perianthial 
whorl ; anther 2-cellcd ; ovary 3-celled, or with the dissepiments 
imperfect ; seeds numerous, with the embryo in a sac (vitellns) within 
the albumen. 

Illusthative Geneiia. 

Zingiber, GcpHii, Iledychiinu, Kimig. Costua, L, 

Aiuonium, L. Alpiiiia, L. 

Affinities. — This Order is nearly related to Marantaceoe, Orchidaceae, and 
the allied Orders, but may always be distinguished by the only fertile 
stamen btdng situated next the axis (posterior), not next the bract (an- 
t(uior) as it is in Orchidacete (before the ovary becomes twisted), or 
lateral as it is in Marantacem ; the ovary is usually 8-celled, like that of 
jMaranlace.'e, but tlie embryo is contained in a special sac or vitellus, 
which is not present in the seeds of oitlier Marants or Orchids. 

Distribution. — A large Order, consisting mostly of tropical plants ; the 
greater part East-Indiau, but a few' occurring in America, in Africa, and 
ill .lapaii. 

Qualities and Uses. — Hemarkuble for the pleasant aromatic and stimu- 
lant qualities of the rhizomes and the seeds of many kinds ; some are 
astringent, many yield starch, and some coloiuing-matters. 

Qiiiger i s the rhizome of Zifigiher officinale : preserved ginger is made 
fromtne^ounger parts of tlie rhizomes. Cardamom seeds are obtained 
from Amomum Cardamomum (Hound Cardamoms), A, angustifolimn 
(Madagascar (Jardamoms), A. juaximnntj A. aromativinn, Elettaria major 
(Ceylon) , mdE. Canlamominn (Malabar), ^ funne ric consists of the yellow- 
eoloured rhizomes of Curcuma louga ; the starchy'fluzoines of some East- 
Indian species of Curcuma furnish Arrow -root. Galungale-root, which 
has properties resembling those of (linger, jjonsists of the rhizomes of 
Alpinin Gnlmiga and racenwsa ; Zedoary, of fliose of Curcuma Zedoaria 
and Zerumhet, Amomum Grana Paradisi yields the Grains of Paradise, 
used as stimulants, and also for giving pungency to spirits and beer. 
Many of the species have very beautiful blossoms, and are cultivated in 
stoves on that account. The bright colouring is found sometimes in the 
bracts, sometimes in the perianth, as in Hedgchium coronarium. 
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Order CXLIX. MARANTACEiE. The Arrow-root 
Order. 

C/ass. Scitaminere, JEndL AIL Amoiiiales, Zindl, Coh, Amoinalosi, 
JBenth. et Hook, 

511. i)m< 7 )ios?s.^Horbaceous plants with, creeping rhizomes, re- 
sembling Zingiberaceoe in habit, but with the perianth more irre- 
gular, and the inner segments often abortive ; the "6 stamens peta- 
loid, 2 barren, and 1 lateral fertile 2-lobed, with a 1- (2?)-celled 
anther on one of its lobes ; ovjut inferior, 1-3-celled, with numerous 
albuminous seeds ; embryo not onclos»3d in any special sac. 

Illustratiati: Genera. 
iSIaranta, IHum. | Camia, L. 

Affinities. — The alHnitics are those of Zingiberace**!?, from which this 
Order is separated by the place of its fertile stamen (lateral) and by the 
absence of a vitelliis or special sac round the embryo. If we assume the 
OrchidaceoD, as mentioned under that Order, to have the rudiments of a 
double series of stamens, the relations of Orchidacefc, Zingiboraceje, and 
Marantaceae are very close, and yet their distinctions very clear (tig. 438). 


Fig. 438. 


M Z 0 

Diagrams of the flowers of JVTarantareae (AI), Zingiberaceie (Z), and OrohidaeeHB <0). Tlie 
small open circ-lrs are fertile atanienH; the black dot» abortive stamens; the black dots 
with the broad line scored through are pctoloid staiu-^n'^. ^ 

• Orchidacjt(v^ Atdth a doiihlo perianth, and two circles of stamens, have 
the anterior stamen ^belonging to the outer circle) developed, the rest 
abortive, or present in the form of horns, ridges, &c. (0); or, in Cifpt'i- 
pedium, they have the 2 la tj;^*al. stamens of the inner circle developed, the 
anterior and all tliose of th6 outer circle abortive. 

Zintpheracece, with a double perianth, have the outer circle of stamens 
petaloid forming a third perianthial circle, the odd (posterior) stamen 
of the inner circle developed, the 2 lateral abortive (Z). 

Marantace<Bf with a double perianth, have the outer circle of stamens 
more or less developed in a petaloid form, as a third perianthial circle, and 
one lateml stamen of the inner circle fertile — the other lateral stamen, with 
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the posterior one, beinjy abortive (M). Dr. Dickie has lately shown that 
the anther of Cayma is in reality 2-celled. 

Distribution. — The ^lecies are numerous^ and natives chiefly of tropical 
America, Africa, and India. 

Qualities and Uses. — Tlie abundance of pure starch furnished by the 
rhizomes of many species constitutes the principal feature of the Maran- 
tacooQ considtu'ed from an economical point of view. 'J'rue Arrow-root is 
obtained from Maranta arundhtacea, AUouyia, and nohilis (West Indies), 
and M. rnmonissima (f]ast Indies). Tous-les-Mois is derived from species 
of Cauncty probably C. coccinea^ AchiraSy edulisy &c. Canna indica is called 
‘‘ Indian shot ‘ ’ from its beautifully s]^)herical seeds. Some of the species 
are cultivated in our stoves. ]\Iany ot the species of Calathea and Maranda 
have beautifully coloured foliage. 


Order CL. MUSACEyE. Bananas. 

Qlcm. Scitamineie, Bndl. All. Amomales, Lindl. Coh. Amomales, 
Bmth. et Hook. 

51 2. Diaynods . — Large herbaceous plants with long sheathing petioles 
forming a spurious stem ; leaves large, with a strong midrib and parallel 
lateral veins ; lioweiv enclosed in a spathe, hermaphrodite ; perianth more 
or less irregular, adherent, petaloid, in two d-merous rows ; stamens 0, on 
the s(‘gments of the perianth, some always abortive; anthers 2-celled; 
ovary .3-celled, many-seeded, or rarely 3-seeded ; fruit a capsule or suc- 
culent and indehiscent ; embryo at the end of albumen. 

I 1 .LUSTR ATIVE G EXERA. 

Ileliconia, L, | Musa, Tournef. | Strelitzia, Banks, | Ravenala, Adans, 

ACanitiefl.— ‘With certain well-marked diflerences, these plants approach 
in some degi^ee to the Marantacem and Zingiberaceie in habit, especially 
in the character of the foliage, but the Musaceai have 5 or 0 more or less 
perfect stamens and no staniinodes ; from the Ainaryllidaceie, which they 
resemble in the epigynous hexandrous structm*e, they dilfer in the ir- 
regular flowers, the generid habit, and the character of the bracts or 
spathes. 

Distribution.-~A small Order, the species of which are generally dif- 
fused, wild or in culture, in the plains of the tropics, Cape of Good 
Hope, &c. 

Qualities and Uses. — These plants are most valuable as sources of food and 
fibrous materials. Mma paradisiacay the I’lac^ain, and Mma sapient ton, 
the Banana, are plants bearing gigantic leaves on long petioles, the im- 
bricated sheaths of which form a pseudo-stem manv feet high. Tliey 
produce large clusters of pulpy fruit containing mucli sugar and starch, 
which form a very important article of food in the tropics. Several other 
species of Musa yield similar fruits. The leaves are used for thatching 
huts, or split up for plaited work of all kinds. The fibre of the petioles 
is a valuable material, especially that of Musa textilis, which is known as 

s 2 
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Manilla Hemp. The young shoots are also eaten boiled, Rnvemla 
speciosa has an edible seed; a quantity of watery ^fuice exudes from its 
•petioles when cut, wlience it has been called Arbre du voifageur. Sfre- 
Ufzia is a genus with very handsome flowers, several species of which, as 
also of Mus(ty are often cultivated in stoves. 


Order CLI. AMAIlYLLIDACEyE. Amaryllids. 


Class, Ensatre, BmlL • ^4//. Narcissales, Lindl. CoL Iridales, Betith, et 

Hook, 


513. Diaifiwsis, — Chiefly bulbous and scape-bearing herbs, not 
sciirfybr woolly, with linear flat root-leaves, and perfect, regular (or 
nearly so), 6-aiidrous flowers ; ])orianth petaloid, 0-])arted. its tube 
adherent to the 3-cellcd ovary ; the segments of the limb imbricated 
in aestivation ; anthers iiitrorse : fruit a 3-valved, loculieidal capsule 
or a 1-3-seeded berry ; seeds with fleshy or horny albumen ; radicle 
turned to the hilum. 

Illustratim?. OENimA. 


Tribe 1. Amarylle.e. Bulbous 
plants^ without a coronet, 

Galanthus, L, 

Amaryllis, L, 

Tribe 2. NARnssK.^E. Bulbous 
plants, with a coronet in the 2n‘rianth, 
Pancratium, L, 

Narcissus, L. 

Tribe 3. Alstrcemerie.e. Fi- 


hrous~?'ooted ; sepals unlike the petals ; 
no coroywi. 

Alstroemeria, Z. 

Tribe 4. Agavea). Fibrous-roof- 
ed : sepals and petals alike, valvatc in 
fcsticafion : no coronet. 

Agave, Z. 

Eourcroya, Vent, 


Affinities. — Tliis cpigyiious Order contrasts with tbo hypogynous Tali- 
aceje ; among its epigynoiis allies, Iridaceae are distinguished by their 3 
stamens and extrorse anthers: its nearest allies are Tfjemodoracem and 
and Tlypoxidacefe, the characters of which are given below. The coronet 
of the Xarcissere is sometimes regarded as a circle of ahortivp stamens, 
but is more probably an outgi'owth from th« tube of the perianth. 

Distribution. — A large Order, the species ot which are generally diffused, 
but, like Iridaceie, have their maximum at the Cape of Good Hope. Tlie 
Xarcissere are common in Europe, wldle the genf?ra unprovided with a 
coronet are very rare in Europe and North America, but abound in South 
Africa. 

Qualities and Uses. — Th& Amaiyllidacea' are commonly characterized 
by active properties, the Amaryllece and the Narcmr*e especially being 
emetic and purgative, and even poisonous ; the juice of the Ibulb of 
Hcomanthm toxiearhis is used by the Hottentots to poison arrows. 
The Snow-drop \Galanthvs ytivalis), Snow-flake {Leucqjum venmm), the 
Daffodil ( Narcissus Pseudo-Narcissus), with the other cultivated Narcissi, 
Pancratium maritimum, kc, act as emetics. Others are astringent ; but 
starch is washed from the roots of some species of Aktrcemeria, The 
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Agaves are exceedingly valuable plants, having abundant innocuous sac- 
charine sap, and large leaves containing excellent fibre. Agave americana, 
called by mistake the American Aloe, is the Hundred-years plant j but 
the statement that it lives 100 years before tiowering is fabulous : it is 
a native of America, but is naturalized in some parts of 8. Europe, and is 
pkiiitcd, on account of its large spiny leaves, to form fences. Eroni this 
and other species is obtained Pita thread, a valuable fibre ,* Pulque (a 
fermented liquor) and a brandy distilled from thi - are made by cutting 
the buds out of yl/yr^roplants and collecting the sap, which exudes in great 
abundance when this operation is performed just before the llowering 
stem is pushed out ; these plants are also called Maguey-plants. This 
Order attords a number of beautiful fiowers, more permanent than Irida- 
cete, and often attaining a very large size. Most of them ar© annual 
fiowerers; but the Agmm^ having remarkable foliage, like that of the 
Aloes in Liliaceie, produce llowering stems (sometimes many feet in 
height) after vegetating for a uumbtT of years, whence the story of the 
Hundred-years Aloe. Sternhergia hdea is supposed to be the Lily of the 
fields referred to by Christ. 

(Hypoxidac’e.t] are a small Ord(‘r of epigynoiis Monocotyledons, nearly 
related to Aiuaryllidacea.^, but difiering in their habit, having hairy 
foliage and no bu!l)s, and in their usually strophiolate seeds having the 
radietb next tin* luluni. The G stamens, the imbricated, distinctly petaloid 
perianth, and the habit of the foliagi*. separate them from Iridacea;. They 
occur scaLlt‘red in the warmer parts of liie globe, and are apparently more 
or less bitter and aromatic. The tubers of some are eateu. Genera : Cwr- 
culigo, Chertii. j ForbesWj Eckl. ; Ilgpoxis^ L. j Saaridia, Harv.) 

(Ilii^^roDOEACE.E are herbs with fibrous roots, usually equitant leaves, 
and perfect o-G-andruus regular fiowers, which are woolly or scurfy 
outside ; the tube of the G-parted periautli adherent to the whole surface, 
or merely to the lower part of the G-celled ovary ; anthers introrse ; sta- 
mens opposite the petals when JJ; seeds with cartilaginous albumen; 
radicle remote from the hilum. The structure of the genera included in 
this Order is rather irregular: from Amaryllidacea^ they are usually 
distinguished hy the woolly tubular periauA, the equitant leaves, and, in 
some eases, by the G stamens; but none of these characters are without 
exception: from Iridacem the triandrous genera difier in the stiunens 
being introrse and opposite the petals, which last character also separates 
them from Ilypoxidacea*. The radicle is said to be remote from the 
liiluin, as in 1 1 ypoxids ; while it is next it in Amai 7 llids and Irids. The 
Vcllozicc and liarhacimuc are more or less arborescent, and in some degree 
branched, especially the former, which have a very remarkable aspect ; 
in many respects they approach Bromeliads.** The plants are natives of 
America, the jUape, and Australia, and have sometimes bitter and astrin- 
gent properties, as Aletrk farinosa. The roots often contain a red matter 
available as a dye, whence the name of Blood-roots ; Lachianthcs tinctoria 
is used in America. The roots of several species of Ilmnodorum arc oaten, 
roasted, by the natives of Australia. Genera : Heemodorumj Sm. ; Aktris, 
L. j VeUozia, Mart. ; Barhacenia, Vandelli.) 
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Order CLII. IRIDACE^^l. The Flag Order. 


c/ass. Eusativ, Endl. AIL Xarcissales, Lindh Coh. Iridalcs, Benth. et 

Hook, 


51 4. Diagnosis , — Herbs with bulbs, corms, or rhizomes, equitant 
‘2-^ank^fl leaves, and perfect, regular or irregular flowers; the seg- 
ments of the 6-parted petaloid perianth (fig. 431)) convolute in the bud 
in 2 circles ; the tube adherent to the 3-celled ovary ; stamens 3, 


Fir-. 4:10. 


Fig. 440. 



Fi*'. 439 A’crtical of the flower of Iri^: «, inferior ovary. 

Fig, 410. Stigmas of Croem. 

Fig. 441. Fruit of Irin burst. 

Fig. 41L\ Plan of <Utto. 

Fig. 44 : 5 . Section of of Jrw. 


distinct or monadelphous ; anthers extrorse ; style 1 ; stigmas 3 
(fig. 440), often petaloid {Iris ) ; capsule 3-valvcd, loculicidal (figs. 
441 & 442) ; seeds with horny or hard fleshy albumen (fig. 443). 


Illustrative Genera. 

Iris, L, Gladiolus, Tmnxef,. Crocus, Tmtmef, 

Tigridia, Juss, ^ Jxia, X. 

Affinities. — Among the enigjmous petaloid ]Vronc»ootyle*dons, the Iri- 
daceae approach, by genera like Croem y the Amaryllidaceie, which, how- 
ever, have 0 introrse stamens. The same character separates the epigy nous 
Bromeliaceffi, which have some affinity with this family; Orchidacoie 
differ in the gynandrous structure ; Marantacem and ZingiberacefiB in their 
monandrous state, as also in the character of their foliage. The little 
Order Bunnanniacei© resembles Iridaceaj in many particidars, but differs 
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in some essential points mentioned under that Order; and this is the case 
also with Xyridaceae. 

Distribution. — A large Order, diffused throughout temperate and warm 
climates, hut especially ubuiidaut at the Cape of Good Hope. 

Qualities and Uses. — The sap of many of these plants is more or less 
acrid, puvjjative, or emetic, as that of the Flags (Iris) generally, Ferraria, 
Swfrinchmmj See, Saffron consists of the stigmas of the Saffron Crocus 
( C. mtivus) and of C. odorm fSicily). Orris-root, used in perfumery, is the 
rhizome of Irk florentina. The genera of this Order contribute"' a larj^e 
sliare to our collections of garden-bulbs, as will be recognized from the 
plants already named ; they are more remarkable for their beautiful but 
transient flow(‘rs than for any useful quality ; the corms and rhizomes of 
some are said to bo (*aten, on account of the starch they contain^ by the 
Hottentots and other races. 

Order CLIII. BROMELTACE.E. The Pine-apple 
Order. 

C/nss. Fiiisatoe, Tsarcissales, Xmd/. Co/t. Iridales ?, 

Benth. H Hook, 

515! I)iaf/Hosis . — Herbs (or scarcely woody plants), nearly all tropical, 
the gi’(‘ater part epipliyte<, with ]»ersisteiit dry or lleshy and channelled 
crowded loaves, sheatliing at the bases, usually covered or band(‘d with 
scurfy scales ; perianth free or adherent, in two circles, the outer (sepals) 
often coherent, and ililferently coloured from the inner (petals), which 
ar(? distinct and imbricated; stamens (>; ov.ary *‘l-celled, with numerous 
oviih's on axile placentas; style single; stignui 3-lobed or entire, often 
twisted ; seeds numerous, with a minute embryo in the l)ase of mealy 
albumen ; the radicle next the hilum. 

Illustratixie Genera. 

Ananassa, Litidl, Echmea, U. Sc P, Pitcairnia, 

Hromelia, L. llillbergia, Thunh, Tillandsia, L.^ 

Affinities. — Among the Ilromeliace.-e are found both epigynous and 
hypog}mous genera, as well a-s forms xvith a partially adherent perianth ; 
on the whole, the. tendency is to the fonner condition, whence the Order 
must be regarded as an ally of Amaryllidacem, from which it difhu's in 
habit and in the mealy albumen ; from Iridacem it dillers in these parti- 
culars and ill the O-androus stamens, while the style and stigma are 
somewhat similar. The character of the habit, and the often distinctly 
characterized cah^ and corolla, offer a resei^hmce to Hydrochandaceie, 
which, however, have exalbiiminous seeds. The fruit x'arics much in this 
Order, being commonly capsular; but in Aiiauasm the entire spike of 
inflorescence, together with the stem, becomes blended into a succulent 
sorosis (§ 200), the well-known Pine-apple. The vseurfy epidermis of the 
leaves displays a very interesting microscopic stnicture. 

Distribution. — A considerable gi’oup, the members of which are, for the 
most part, natives of tropical America ; |)tit some are now naturalized in 
W est Africa and the East Indies. 
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Qualities and Uses.— Chiefly iniportant for tlie fruit of Ammsm, fibres, 
•co]ourin‘^-niatters, and other" economic pi-oducts. Bromelia is 

used as a veriiiifugre in the West Indies. Many of tJiese plants frrow 
upon the branches of trees (epiphytic), and they appear to be capable of 
obtainin^r the »rreater part of their nourishment Ironi the atmospliere 
their riprid, tough epidermis enables their succulent leaves to withstand 
the influence of a hot and dry atmosphere. I'iUamhia usueoi'^es, called 
Old-Man's Beard, is a commou plant, forming a dense mass of dark-co- 
loured fibres, which hang down from the bouglis of the trees of the forests 
of tropical America, as Lichens do in colder climates. Most of the 
genera have brilliantly coloured flowei's, sometimes in tall racemes and 
pimicles, whence they are much esteemed as ornamental stove-plants. 


Order CLIV. HYDROCHARIDACE 

Class. Ensatae, Endl. AIL Ilydrales, Lindl. Coh. Ilydrales, Bmith. et 

Hook. 

516. Diagnosis . — Aquatic herbs, with dia'cious or polygamous regular 
flowers issuing from a snathe on the end of s{*ape-likt‘ peduncles; floral 
envelopes in a single or double circle, in the fertile flowers united into a 
tube and adherent to the l-f>-celh‘d ovary; placenta parietal; , seeds 
^dthout albumen. 


• Illi strativk Genkua. 

Udora, Xiftt. Stratiotcs, L. 

Vallisneria, Mich. llydrocbaris, L. 

Affinities. — The sum or combination of the characters of this interesting 
Order keeps it apart from all other ^lonocotvledons, while the characters 
taken separately connect it with many. The inferior ovaiy and, in tlie case of 
Strati^esj the habit connect them with Bromeliaceie ; the 3-merous petn- 
loid ffcwer and exalbuminous se(‘ds with Alismacea* ; the 3-m(‘rous petaloid 
flower and .‘l-carpellary ovary with the Conimelynaccfc, which, however, 
with a superior ovary, like the Alismaceje, have albuminous set'ds. The 
inferior ovary, numerous seeds, and general characters remove them from 
Naiad aceae, with which they are often associated by habit, and the Ara- 
ceae, with which some would connect them ; their spathe is scarcely more 
Araceous than that of Amaryllidacea?. Vallisneria and Elodca (Anacha- 
ris) are plants well known to microscopists for the favoumhle opportunities 
they offer of examining the rotation of the protoplasm of the colls. Hydro- 
charis, a plant somewhat li^te a miniature Water-lily, is common in fr<*sh- 
water ditches; and its sepals and rootlets are equally adapted for the micro- 
scopic investigation of living tissues. Elodva canaden ds is the American 
Water-weed, whith has increa.sed so rapidly in our canals and ditches 
since its introduction from America some years since. 

Distribution. — The species are not numerous ; they are found in fresh 
water in Europe, N. America, E. Indies, and New Holland. 

Qnalitles and Uses. — ^They appear to have no very active properties. 
Hydrocharu is said to be astringent. 
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Order CLV. ALISMACE^E. 


Class, Ilelobiiie, Mull, AIL Alismalea, Lindl. Coh. AlismaleS; 
Benth. et Hook. 


l)\7. Diaffnosis. — Marsh-herba, mostly with broad pe- 
tiolate leaves and scapo-like flowering stems; flowers 
perfect or iiionoecioiis, with a double perianth, consisting 
either of a green calyx and a coloured deciduous corolla, 
or of 2 circles of green scales, each of o pieces (fig. 444) ; 
ovaries 8, 0, or numtu-ous, more or less distinct, and 
separating into as many nuts ; seeds canipylotropous or 
anatropous ; embryo doubled, hook-shaped, or straight, 
without albumen. 



Xy 

Plan of flower of 
Triglochin : Xy bract. 


Illustkative Genera. 


Siibord. 1. Juncaoine.e. Peri- j 
anth seal}/; anthers alicat/s extrorse; 
ovvle inverted; emhrt/o strai(/ht, 
Triglochin, L. 
kScheuchzeria, L. 

Subord. 2. AniH^rE.E. Internal 
circle of the perianth cohmred ; ovnles | 
solitari/ or tain : ovale and embn/o 
carved. 

Alisina, Jass, 


Actinocarpus, It. Br. 

Sagittaiia, L. 

Subord. 3. Butome^?. Internal 
circle of perianth colon red ; ^ovxdes 
nameroas all over the inner surface of 
the earpels ; embryo carved. 

llutomus, Tournef. 

Limnocharis, II. B. 


Affinities. — The bear considerable resemblance to the Tlicoty- 

ledoiujus Order Uanuuculaeete, while Batomece have been comp^'ed with 
the Xyniplueaceio on account of the curious placentation ; buln||here is 
hardly any real relationship in this latter case. On the other hand, the 
AUsmecc have some similarity to the Commelvnaceje, from which they 
are separated by the exalbuminous seed. Tliis structure of the seed 
agrees with that of Naiadaceae, with which thisOivler is connected by the 
Juneayineev. Seheuehzfoia in this last division approaches Juncaceie. 

Distribution. — A small group, the members which inhabit marshy 
localities in all parts of the wond ; most abundant, perhaps, in temperate 
climates. 

Qualities and Uses. — An acrid property is common in the foliage and 
ill the rhizomes, but the latter are sometimes fleshy and farinaceous, and 
then may be eaten after the acridity is removed by cooking. tSayittaria 
sinensis is cultivated for food in China. Many are very hanasome aquatic 
plants and are cultivated for the sake of their flowers. 


s5 
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Ohper CLVI. naiad ACE iE. The Pond-weed Order. 

Clfiss. Fluviales, Endl. All. Ilydralesi, Lindl. Coh. Alisniales, 

. Beuth, et Hook, 

%■ 518. Diac/nosis , — ^Immersed aquatic plants, with 
jointed stems and sheathing stipules within the 
petioles, or with sheathing bases to the leaves ; 
inconspicuous, monoecious, dioecious, or perfect 
flowers, which arc naked or have a free, scale-like 
perianth ; the ovaries solitary or 2-4 and distinct, 

1-celled, 1-OTuled; seed exalbuminous : embr^’o 
straight or curved (fig. 445), with a thin mem- 
branous testa; 

iLLUSTUATmR GeXERA. 

Caiilinia, Willd, Kuppia, L. Ouvirandra, TJwunrs. 

Naias, Willd, Zaimichellia, Michel Apouogetoii, Thtnh. 

Zostera, L, Potamogeton, X. 

— This Order aerrees wdth Ilydrochandacene and Ali.smaceje in 
the striiQture of its seeds, but differs in the simpler organization of the 
inflorescence, which, however, i.s connected with that of Alismace.a? in 
Scheuchzeria, Decaisne and !Maout, following A. de .Jussieu, keep distinct 
the Jiincagineae, Aponogetete, Potameoe, andNaiadca?, all of wliicli, with 
the exception of the firsb are here included under Xaiadacere. The groups 
established or maintained by the authors just cited are collectively cha- 
racterized by the absence of a perianth or at least of a petaloid pei-iauth. 
wliile they are separated one from the other by tlio form and direction of 
the embryo, which is straight and slender and with the radicle next tlio 
liilum in Ju^pcaginene, swollen and with the radicle away from the liilum in 
Zo^tern, swollen and with the embryo so curved that both its extremitie.s 
are neafr tbehilum in Potamem, swollen andwdth the radicle directed to the 
hilnm in Naiadeje. The fonn of the stigmas, whether entire and truncate 
or linear and divided, is also relied on to distinguish the several gi’oiips. 
Some authors consider the inflorescence really spadiciflorous, and regard 
the scaly paianth, when present, as consisting of bracts surrounding im- 
■ perfect itnisexual flowers ; and this idea is supported by the spatho-like 
oract which occurs in some genera (Zostern kc.). From this point of view 
ihay are related %o Tiemnacem ; but the character of the seeds is divemc. 
The structure of these plants .is generally very dimple, consisting chiefly 
of cellular tissue of very deljcate organization ; in Ouvirandra th^lamina 
of the full -rgrown* leaf becomes a delicate lattice-hke plate, the interspaces 
between the ribs being destroyed during expansion. Zonf^d is remarkable 
fgr its pollen-grains being tubular and destitute df an external coat. 

" The species are numerous, and are met wdth in still, fresh 

and brackish water, and in the sea {Zffstera)^ in all parts of the world. 

QnMUem aiul Uses. — Apparently destitute ,of *a;ctivo properties. The 
leaves of ZoxC^a marina are colfect^ and dried on the sea-coOst as a 
material for packing &c. in place of hay« 


Fig. 445. 



EmUryo of Tnfnmo- 
flefoi), with the testa 
’ri'm(»vt‘(l: »/, I'adich*; 
b, 1‘otyledon ; c, j)lu- 
mule; 
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Subclass 3. GLtJMIFL0RJ3. 

519. Monocotyledons, with the flowers coUected into close spike-^ 
lets, spikes, or heads, and the floral envelopes in the form of mem- 
branous scales ; the leaves mostly linear, with long sheaths, tubulaF 
or slit ; the seed albuminous. 

The plants of this Subclass- are generally easily recognizable by the 
characters above given ; but there is a superiicial resemblance to thOm in 
tlic case of the inflorescence of the Jnncace.-e, which stand more naturally 
among the Petaloid Monocotyledons, in spite of their sealy perianth ; they 
are, moreover, e.asily distinguished from the true (Tlumacete by their dis- 
tinctly regular i^-nar}^ structure. Tlie ordinary character of Monocotyle- 
donous flow(U*3 is greatly disguised in this Subclass ; but an explanation of 
the conditions in tlu^ apparently anomalous Grasses is given under that 
Order: in Cyperaccjc tlie floral envelopes are generally more or less conir 
pletely suppressed ; the female flower of Cktre.v has a perianth composed ' 
of a tubular envelope ; and something analogous to this occurs in Erio- 
caiilaccfc, as the representative of a corolla, within the calyciiie scales. 


/bRDEii CLVII. GKAMINACEA3. Grasses. 

Class. Glumacese, EndL All Gluniales, LiM. ' Coh, Glumales, 
Betvth. et Hook. 

520. Grasses (mostly herbaceous, rarely woody and 

arborescent), iLsually with hollow stems, with solid joints at the 
nodes ; leaves altcniate, disfiehous, “with tubular sheaths slit down 
on the side opposi(;p the blade, and a ligule (§ 79) at the ba.se of the 
blade ; the hypogyuous flowers imbricated with 2-ranked glumes. 

Character., 

Inflorescence glumaccous, the flowers arranged in spikeletsor hemUty 
which are aggregated in spikes, racemes, or panicles ; perfect, or 
sometimes monoecious or polygamous.*^ 

Spikelets mostly with two alternate and uneqnal bracts, called 

at the base (fig. 446), or enclosing the florets \ the outer glume 
sometimes absent.' 

Flowers 2 or many, or, rarely solitary with abortive rudiments of , 
others, alternate on the rachis. within the glumes, more or less 
overlapping from below. ■ 

‘Perianth : the outer circle Or mlyce represented by two scfiiles (palecB 
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or glimellce) (figs. 446-448, 6, 6'), one inserted a little above the 
other (alternate), the outer and lower simple, the inner or upper 
(sometimes called the flowering glittae) with 2 primary ribs, and 
sometimes notched at the summit^ the internal palea sometimes 
wanting ; the inner circle {corolla) of 2 or 3 liypogynous scales 
{lodieulce (fig. 448, a?, a?)), sometimes wanting ; if 2 in number, 
collateral, alternate with the palcm and next the outer, distinct or 
united. 


Fig, 446. ' Fig. 447. 



Pig. 446. Snikelt't cit Avena: a, a, glume«j; ft, ft, outer palerp of florets. 
Pig. 447. Floret of Avena: ft, outer palea; ft"^, awn; ft', inner palea. 


Fig. 448. 



Fig. 449. 


- w 


Fig. 4*>0. 



Fig. 44S. Floret of Avena with out<?r palea remored: ft^ inner palea; jr, lodiculae. 

Fig 449. Section of carvopsis of Triticum: a, endosperm; ft, embryo. 

Fig. 450. Section of emtryo of Aveaa^ the endosperm reuioved; a, radicle ; ft, cotyledon; 
c, plumule. 


Stamens hypogynous, 1-4, or 6 or more, j opposite the outer palea 
(alternate with the 2 scales) ; filaments capillary; (nithers versatile. 

Ovary superior, 1 -celled, with one ascending ovule; styl^ 2 or 3, 
rarely confluent ; stigmas feathery or hairy (figs. 2o7 & 258). 

Fruit a caryopsis, with an inseparable pericarp ; embryo lying on 
one side, at the base, of farinaceous albumen (fig. 449), sometimes 
with a second, small outer cotyledon alternate with the first. 
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Illustrative Genera. 


Tribe 1. Panice^. Spikektsar- 
ticuliited clonely hehw the lowed 
glumcy 2-, very rarely ^-flowered; 
upper glunie always containing the 
most perfect and only fertile Jloirer ; 
axis of spikelet never produced beyond 
the loioer palea ; Iodides never more 
than 2. 

Panicum, Z. 

Setaria, Z. 

Sorghum, Pers. 

Andropogon, Z. 

Coix, Z. 

Tribe 2. PifALAniDEiE. Spike- 
lets articulated, soinetimes as in Pa- 
nico8D, and sometimes at the base of 
the pedicels near the main axis, 3- or 
apparently 1-Jloicered ; outer empty 
ghtpies^, laterally compressed, often 
united at the base, longer than the 
rest: lower palea terminal, hairy, 
with 2 rudimentary glumes below it : 
othertvise as in l\micca‘. 

Phalaris, Z. 


Tribe 3, PoACEiE. 
usually articulated above the lowest 
glume, 1- or many-fiowered : lowed 
flower usually perfect, terminal flower 
very rarely more perfect than those 
below it : axis of the spikelet almost 
invanably terminated by an impel feet 
glume, tohich is frequently reduced to 
a small point or bristle ; iodides gene^ 
rally 2, sometimes 3; stamens 1-3, 
rarely 6 ; fruit always shorter than 
the lower palea. 

Agrostis, i. 

Stipa, Z. 

Oryza, Z. 

Chloris, Sw. 

Aveiia, Z. 

Festuen, Z. 

Broiims, Z. 

Bambusa, Z. 

ITordeiim, Z. 

Triticuui, Z. 


Affinities. — The tribos above iii(‘iitioiied are those adopted by General 
3Iimro, tlie leading authority on this iinniense and difficult family. The 
description of the (Trass-iiitforescence above given is in accordance with 
the views of II. Brown, generally accepted in this country, although 
questioned by Benthain and some foreign botanists. The following are 
some of the principal arguments in its favour. Taking the alternation of 
3-merou3 cindes or organs as the rule in Monocotyledons, if e select a 
triandrous Gra.<s, we find that the outer stamen stands between, i. e. al- 
ternates with tlie hypogynous scale.s ; only two of these usually exist, but 
in Stipa and liambusa, for example, a third occurs, and stands in front of 
the inner (double) pale; thus the scales {lodicuke) must be regarded as 
representing the petals, of which the inner one is iLsually suppressed, and 
the other two approximated or coherent, in accordance with the law affect- 
ing the next circle ; for when Monocotylcdonous flowers are truly niono- 
chlamydeous, and this condition arises from the suppression of the corolline 
or inner wliorl, the stamens stand opposite the parts of the perianth. 
C)iitsido the lodiculee we And the 2 pales oyyglumellce. The outer one is 
opposite the outer stamen of triandrous flowers, and the 2 inner stamens 
are opposite the 2 primary veins of the inner pale ; and since, moreover, 
this generally exhibits a double character, its construction from the con- 
fluence of 2 sepals is no great assumption, especially when we see the 2 
lodicidee confluent, as in Melicam^ Gtyceria, In diandrous Grasses (An- 
thoxanthum) the outer stamen is wanting ; in most Gasses the inner petal 
(lodicula) is absent ; the inner (double) pale is absent in Alopecta'us, Pani- 
cum, &c ; in Lolium and Lepturus the outer glume is absent } in addition 
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to which the few-flowerod spikelets of vevy many genera contain abortive, 
tinisexual, or neuter florets, consisting of rudimentary pales. 

Other authors, as has been noticed, object. to the explanation of the 
flower we have given, and regard the outer pale as a bract in the axil of 
which the floral axis arises ; Link even looked upon the lodimke as ana- 
logous to the scales in the throat of Xarcmm, therefore apparently as 
representing the Ugules of metamoqdioscd Grass-leaves. The remarkable 
awn which is produced on the outer pale of many Grasses, more or less free 
from its lamina, is regai*ded by some authors as a barren development of 
the axis of the spikelef, which would make the inner pale the suotending 
bract of the flower. And it has been considered that the occasional ap- 
pearance of a flower on the upper part of the outer pale of monstrous 
flowers of the Nepal Barley {Hordeumcivleste') also indicates the pale to be 
a bract with an abortive floral axis adherent to it ; in which case the inner 
pale would certainly be the bract subtending the flower composed of 
lodiadrp^ stamens, and ovary. This perhaps derives some support from 
the structure of the spathe in Pi4ta; but the whole is more simply ex- 
plained as an irregular monstrosity, since the outer pale of viviparous 
Grasses (i. e. plants with the spikelets developing tufts of leaves) riften 
appears as a rudimentsrv leaf with ligular processes at the junction of the 
vaginal and laminar regions, and thus as a simple leaf ; and the tnly re- 
maining ground for re<tarding it as a bract, rather than the outer sepal, 
is the fict of the inner pale being inserted a little higher up in the raciiis. 

The ligule has been considered an adnato stipule; it seems more 
simple to regard it as an excrescence from the upper part of the sheathing 
petiole. 

The above explanation of the structure of this Order brings them into 
direct relation with the general body of Monocotyledons ; and the stems 
of Bamhma have the habit even of some Palmacere, while the structure of 
the seed approaches that of .VracenD. But the nearest allies, in both habit 
and structure, are of course the Cyperacea? : one distinctive mark be- 
tween them, the hollow stem, suffei*s exception in Snccharum and various 
Grasses of hot climates ; the creeping rhizomes of ordinary Grasses are 
commonly solid. The supposed diversity of structure of the stem of 
Grasses from that of other ^Monocotyledons is imaginary; their culms 
are simply flstular states of the structure existing in Tradeacantia vir- 
ginicaj^ which, like Grass-stems, roots freely at the nodes. The habit 
of the Grasses familiar to us in Britain is uniformly herbaceous; but 
ISacch^nnn, and some southern forms, such as Panienm fipectfdnJe, Fesittm 
Jlahellat-aj &c., attain the dimensions at leant of shrubs; and Bnmhusa is 
arborescent, having a woody stem />0 or 00 feet or more in height. 

Distribution. — Constituting one of the largest naluml Orders, the Grasses 
are universally distributed, arid in temperate climates appear in vast 
numbers of individuals, fonnihg the principal mass of the \ erdure covering 
the surface of all hut utterly barren soil. The great ext<mt of their cul- 
tivation is also remarkable, and still more the absence of information as 
to the native countries of the Grain-grasses, which have been objects of 
artificial culture from before the memory of man. Rye, Barley, and Oats 
are the harder grains Wheat is the chief grain of temperate and warm 
temperate climates, bein<j associated in the latter with Maize and Rice, 
which form the chief grains of the tropics, — Maize more particularly in 
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America, Rice in Asia, and both, locally, in Africa, Rice-growing being 
(b'pendent upon the possibility of irrigation. Various Jlillks {Sorghum^ 
Vanwumj (fee.) are largely grown in Africa and Asia, and to some extent 
in South Europe. 

The Grasses of warmer climates are more tufted and less gregarious in 
growth, acquire greater stature, are sometimes arborescent, and very fre- 
quently present the monoecious or polygamous condition of the flowers. 

Qualities and Uses. — The main value of this (hrier rests upon the seeds, 
or more properly the fruits, especially of what are called the ‘‘ Cereal 
Grains,” just referred to, and which, in their abundant farinaceous al- 
bumen, capable of great improvement in quantity and quality under cul- 
tivation, furnish the principal material for bread in most countries, except 
wheiH? tii(^ severe cold forbids tlieir growth, or the fertile soil and favour- 
able climate supply suflicient foofl with a less laborious agriculture, as in 
the case of the Plantain, Bread-fruit, and other tropical esculents. The 
Sugar-Cane is another grass (d’ scarcely loss value ; and the fodder-Grasses 
are of immense importance, as furnishing food to domestic animals. A few 
of the Grasses have somewhat active properties. 

principal Corn-plants are ; — Wheat, TrUimm viihjnre and many 
vari« 'ties ( Spring Wheal is called T. Autumn Wheat T, hihenium) ; 

7\ Spelt ; T. contijositfou, the Mummy or Egyptian Wheat, has 

compound spikes ; Barley, llorflnnu disfichum^ with its varieties Ilonhmn 
ruhfaro or l>ig) and //. ho.rastirhmn ; Oats, Avena .^afii'a and A 
(Tartarian Oats); \ly{\ Secalv ccrcale; Maize or Indian Corn, 
Zeft M<nfA\ and Bice, Orijza aativa. 

Among those less generally known are : — several Millets, such as Sefana 
ffonnmtica (German Millet) : SAarw ifaUrn Kora Kang,” East Indies) ; 
Panicum frumontacenm (“ Sliannuda,” Deccan); Andropogon Sorghum 
(“ Diirra”) and A. i^accharatum (^^Shaloo,’’ p]ast Indi('s) ; Panicum 
acpum (^‘ Warree,” East Indies); PcnicUlaria spicata (“Bajree," East In- 
dies); 7 V^s 7 w/^o« c.r//c f Fuinlnnji,” West Africa); Poa abgssinica and 
FJeuxine Tocusso (‘^Telf” and “Tocusso,” Abyssinia); Elcusinc Corocana 

Xatchnee,” (’oromaiuh'l) ; Zizania atjuafiraj Canada Bice; Phalaris ca^ 
nariensis^ C^anarv-seed, ifec. See. 

Among the most valuable, foddor-Orasses of temperate climates are: — 
the Bye-grasses, Lolium perenne, ifalicaniy Sec . ; Phlcum pratense, Fcsfuca 
prafensis, CgnosnnM cridatns, Anthoxanthnm odoratnm. See. Panicum 
spcctabile^ a hay-grass of Brazil, grows 0 or 7 feet high: Anfhlstiria 
australis the ^Mvangaroo Grass'” of Australia; Anthistiria ciliata and 
Cguodon Factghm are esteemed Indiixn fodder-grasses ; Tripsacum dae- 
Gama-grass, in ^lexico; Ggnerium argentmm is the Pampas- 
grass ; and F'csinca Jlahclloidcs^ the Tussac-grass of the Falkland Islands, 
is said to be very nutritious. 

Saceharum offreinarum is the Sugar-Caufi* Sorghum saccharafum and 
Ggnmum sacchar aides (Brazil) likewise contain much sugar, as does also 
Maize, before the grain is ripened. Many Grasses are fragrant ; the S^veet 
Vernal-grass of our meadows, Anthoxanthum odorafumy is aii example. 
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of which the roots are largely used. This last Glass has stimulating 
properties ; and another species, A. Kardm^ is called “ Ginger-grass,” 
from its pungency. Many others were formerly, or are still locally, 
esteemed as medicinal, such as : — Coix Lachryma, the hard grains of 
which arc known by the name of ‘‘Job’s Tears ; ” the common Eeeds, 
Phraymif.es arundinacea^ Calamayrostis^ Arundo I)onax, Trifmnn repens^ 
(Couch Gniss or Quitch of farmers), &C. The supposed poisonous pro- 
perty of Darnel {Loliam temidentimi) is not satisfactorily ascertained. 
Among the Grasses useful in manufactures are the llamboo (Pambusa 
arundiaacea)f the Reed, Phraymifes^ Donnx^ &c. Coarse paper has long 
been made from the Bamboo in India, and recently from various straws 
in this country. Lyyvum spartum is the Ksparto (rrass, much used as a 
coarse fibrous material, and also in the manufacture of paper. The Sand- 
grasses, Ely mas arenariusy Arundo arena ria, and similar creeping species, 
are valuable binding-weeds on shifting sandy shores. Grasses are re- 
markable for the quantity of silex existing in the epidermis ; and in the 
Bamboo a solid siliceous substance, called Tabasheer, collects in the hol- 
low joints above the nodes. Many species are cultivated for the elegance 
of tiieir flowers or their folisige, such as jirundo Donax, various species 
of Bambusee, Gyncrium (the Pampas Grass), &c. 

(ERiocAULACEiE are aquatic pr marsh-herbs, stemless or short-stemmed, 
with a tuft of fibrous roots, and a cluster of linear, often loosely cellular, 
grass-like leaves, and naked scapes sheathed at the base, bearing dense 
heads of moncecioiis or rarely dia^cioiis, small, 2-3-merous llowers, each 
in the axil of a scaj’ious bract the perianth double, or rarely simple, 
scarious : the anthers 2-celled, introrse ; the fruit a 2-3-celled, 2-.‘l-seede(l 
capsule; seeds pendulous, winged or hairy, with a lenticular embryo at 
the end of the albumen remote from the liiluni. The membranous tube 
surrounding the ovary represents the corolla, and thus places this Order 
intermediate between the Gluinaceous Orders and the Xyridacefe, which 
lead on through Commelynacem to the IJliacem and their allies. The 
plants are mostly natives of America and Australia. Eriocaulon stptan-- 
yidare occurs in the Western Islan<ls of Scotland (Skye).) 

(Restiaceje are herbs or under-shrubs, with or witliout perfect leaves ; 
stems usually with slit, equitant leaf-sheaths ; with spiked or aggregated 
glumtaceous, mostly unisexual tlower.s; glumes 2-<' or seldom 0; stamens 
2-3, adherent to the inner glumes; anthers 1 -celled; ovary 1-3-celled ; 
ovule solitary in each coll, pendulous; seeds albuminous; embryo terminal. 
Principally distinguished from Gyperaceje by the pendulous seed and ter- 
minal lenticular embryo, further also by the leaf-sheaths being slit ; from 
the Juncacem by the same characters, by the stamens when 3 being opposite 
the inner glumes, and by the 1 -celled anthers. They are without the 
membranous perifinth between the glumes and the ovary which occurs in 
EriocaulacefB, while Xyi*idacefe have the fiural envelopes in 2 circles, of 
which the inner is petaloid. From Desvauxiacere they difier in having 
2 or 3 stamens, and if with a 1 -celled ovary usually 2 s^les, and the 
distinct perianth. The species occur chiefly in "Australia and South Africa ; 
onS occurs in Chili. The tough, wiry stems have economic uses, for basket- 
making, thatching, &c. Genera : Restioj L, j ThamnochortuSj Berg. ; 

< WHdenavia^ L.) 
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(DESVAUxiACEiR are little sedge-like herbs^ with glumaceous flowers 
in a terminal spath'e ; glnmos 1 or 2 ; paleae 0, or represented by tender 
scales parallel with the glnmea j ovaiies usually several, sometimes con- 
solidated, each with a ])endulous ovule ; stamens 1, or rarely 2 ; anthers 
1 -celled ; seeds albuminous; embryo terminal. These little plants, chiefly 
natives of Australia, are of small importance, except as representing one of 
the types of the Glumaceous condition of Monocotyledons. They diifer 
from Cyperacea^ in having several 1 -celled ovaries more or less coherent, 
or, if a solitary ovary, it is 1-carpellary ; the antliers also are 1-celled, and 
the embryo terminal, as in IJestiacea? ; but they have only one stamen, a 
1-celled ovary, and a utricular fruit bursting longitudinally. Genera: 
Centrolepis, Labill. ; Gaimardia, Gaudich.) 


Order CLVTII. CYPEllACE^. Sedges. 

Claas, Glumaceo?, Endl. All. Glumales, LindL CoJi. Glumales, 
Benth. et Hook. . 

521. DutffnoRh. — Grass-like or rush-like herbs, with fibrous roots 
and solid stems, closed tubular leaf-sheaths, without ligules, and 
s])iked, perfect or unisexual flowers, one in the axil of each of the 
glume-liko inihiicated bracts, destitute of tiny envelopes or wdth a 
tubular perianth (figs. 452 & 4515), or with hypogynous bristles or 
scales in its place (tig. 451); stamens definite, hv^mgynoiis, 1-f or 
10 or 12; anthers 2-celled ; the 1-celled ovary with a single erect 
anatropous ovule forming in fruit a iitriculus containing a seed 
with a lenticular embryo enclosed in the base of albumen. 


Fig. 451. 


Pdg. 452. 




Fig. 451. Flower of T:rwphorum. 452. Female flower of Care*. 

Fig. 45:c Sc*ctit>n of th(‘ same, ahowing the ovary. 


Illustrative Geneva. 


Carex, Aftch. 
Kobresia, Willd, 
Sclimnus, L. 
Cladium, It, Br, 


laolepis, B, Br, 
Scirpiis, L, 
Eleocharis, B, Br, 


Eriophorum, L, 
Oyperus, L. 
rap}Tus, JViUd, 
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AfiBnltics.— This largo Order of Gluniaceous plants resembles in many 
presects the (Trasses, but has several marked distinctive characters, viz. 
the tubular leof-sheaths, the usually angular and solid stems, the general 
reduction of the floral envelopes to a single bract or glume (*2 additional 
glumes exist in Carex aiul some other genera, and hjmogynoiis bristles or 
seta? in ScirpuSy Erioplwrumy &c.), and the /act ot the embryo being 
enclosed centrally in the base of the albumen of the seed. From lh‘stiacea?, 
some of which resemble Sedges in liabit, they are distinguished by the 
erect seeds, by the 1-celled ovary being formed of t? or 3 carj)els, and by 
the leaf-sheaths not being slit. 

Distiibution. — Universally diffused, especially in marshes and about 
running streams. ( Vf/vr and Scirpu& belong chiefly to cool climates, (’//- 
perns, Man<ciiSy and others to warmer, while some appear ubiquitous. 
Sctrpm tnqueter is found in Europe, South America, and .\ustralia. 

Qualities and Uses. — ^The plants of this Order are generally devoid of 
active properties, and are less nutritious than the Grasses ; but some have 
bitter and astringent properties, while others are regarded ns diaphoretics. 
Several of them have 3<Tme economic value. The rhizomes of ('t/pertts 
loiif/us are a«itringeiit, those of C, rotfonlm (‘ontain an aromatic oil ; the 
creeping stems of Carex hirfa, aremria, and other sp^^cies have bo<m used 
as substitutes for Sarsaparilla. The rhizomes of (yprrus esculetitm, V. 
hulhosii^y and some other plants of this Order, being tuberous and devoid 
of noxious properties, are used locally as articles of food. Papyrus untt~ 
quorum, a tall sedge, with a spongy pith, is celebrated as having furnished 
the ancients with a kind of paper, made hy cutting the pith into lamiiuc, 
whtch were laid one upon another and prevssed, tlierehy becoming glued 
together by their ovni sap. Its stem was, and is. also used for basket- 
making, mats, &c., like various Seirpi kc. The species of Eriophorum, 
the Cotton-grasses of our moorlands, produce a Hock of cottony hairs 
around the fruit, sometimes used for stufUng cushions, *kc. Carex an uaria 
(fig. 24) and C. iueurm, growing on sandy sea-shores, are very ellieient 
in binding the shifting sand. 
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(PHANEROGAMIA, FLOWERING PLANTS.) 

Division II. G3rmnosperinia. 

*)22. Floworinp^ plnnts, with achlamyd-ons unisexual flowers 
nrraniced in cones, the male flowers 
consisting of antlieriferoiis scales 
collected in deciduous cones, and 
the fc'male either of opcai carpels 
(Hg. 454, a), l)(‘aring naked ovules, 
standing in the axil of a bract, 
and arrangt‘d in persistent cones, 
or of nak(Hl terminal ovules sur- 
rounded by a few scales ; seeds 
albuminous, with an enclosed em- 
bryo bearing 2 cotyledons, wdiich 
are simjde or dividi‘d into several 
lobes -a whorl of 1 or morecotyle- 
dons (tig. 454, i:) according to some 
authors, — and with the radicle en- 
closed in a slieatli (tig. 454, n). 

The members of this group are rt'iuarkable as forming a bond of union, 
in many im})ortant parts of their organization, hetwi'en the Angiosperm- 
ous FloweniiL^ plants and the higher Cryptogamia. The C’yeadaeete have 
the hiihit of Palms, or of Arboresctml Foriis; tluar fertile foliar organs, or 
stamens aiul carpels, restmihle in Cj/ras the fertile leaves t)f Ferns; in /Mmia, 
as in Pinac(ar, the carpels approach nearer to the condition of the carpels 
of Aniru)sporiiis, but are flat or opiui. The structure of the female flower 
Jias btH*n a siibjf'ct of much controversy among botanists ; the accoimt 
idiove given is that which is on the whole the most generally adopted, 
• though it should he stated that some botanists regai\l the outer invest- 
ment of the ovule as an ovary, in whieh latter case the scale supporting 
it w(ndd have more of the nature of a branch than of a foliar organ. The 
reasons for ccmsideriiig the reproductive bodies as naki^d ovules and not 
ovaries are tlius given by Alph. de (hmdolle ; - 1, the mode of dt'velopment 
is eentrifug-al as in ovules, not centripetal as in ovaries; 2, the seeds of 
some (’onifers (PfniocarpuA) are auatropal, ajposition unknown in ovaries; 
8, the inst‘rtion is that of an ovule and nol of jui ovary. To this it may 
be added that tht‘ structure and arrangement of the tissues in the scale 
supporting the ovules are more akin to those pf a leaf than to those of a 
branch. Anatomical investigation shows tliat while in Cvends the ovules 
are borne on the sides of a scale originating diri*ctly from the axis, in 
Conifers the ovulig(*rous scale is the production of an abortive secondary 
branch originating in the axil of the primary scale. Pinaceie and Taxaceae 
agree with Dicotyledons in habit ; but the'foliage of the latter approaches 


Fig*. 454. 



in riju* s*cfd (n, 

D, M‘clii>n of .“tM'd, Hh()win}» c*mV>ryo in 
t-ndosptTm ; E, embryo gerniinating. 
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thftt of Ferns, while thei*o are i*clations between their inflorescence and 
that of the Lvcopodiacea' ; Giietaceje approximate to (hisuarinaceie and 
Chloranthaceic in habit ; and perhaps F.phedm may be compared with 
Bqmsdum. In all oases there may be observe‘d a remarkable series of 
phenomena inter^u)sed between the ju-rival of the pollen upon the iniclens 
and the maturation of the ombiyo, not met with in Anjxiospennoiis 
Flowering? plants, and, at the same time, very mnirlv allied to proct‘Sses 
which take place in the germination of the sport's of ISelaijinella and the 
Marsileacete. 'Uhese will be more fidly explained in the physiological 
portion of this work. • 


Order CLIX. PINACILE. The Pine Order. 


Qass, Coniferte, Endl. Clas,'*. Gvmnogens, Loull. Subclass. Gymrio- 
spermea}, )ienth. et Hook. 


523. Biagnosis. — Trees or shrubs, mostly with evergreen, linear, 
needle-like or lanceolate leaves, sometimes tufted, sometimes imbri- 
cated, montpcioiis or dioecious ; the female flowers in cones, consisting 
of imbricated caq)els arising from the Rxils of membranous bracts, 
and bearing (fig. 454, a) 2 or more ovult's on the upper face ; fruit a 
woody cone or a succulent berry formed by coliereiico of a few fleshy 
scales {galhulus). 

• Illustrative Genera. 


Suborder 1. Arietine.e. Ovules j 
with the micropyle n§xt the base of 
the caipel ; j)allen oval. 

Finns, L. 

Abies, Toitnuf. ; 

Araucaria, Ju^s. I 


Subord. 2. CuPRESSiNE-fs. 
erect : pollen spheroidal, 
Juniperu'*, L. 

Thuja. Touruvf. 
Crvptoineria, Ihm. 
(’upivssus, Ttntrnvf. 
Tux odium, L. C. lUch. 


Ovules 


Affinities. — The above diagnosis give.s the essential character of this 
Order, which, howtiver, deserves a little detaib d notice, tni account of the 
modifications oecun-ing in the different g**riera, aj« well as on account oft 
the difliculties wdjich tlie structure of the inflorescence may present to 
the student. 

iVmong th(3 Ahiefiueu.^ in the common Scotch Fir (IHuus sylvesit'is) the 
male inflorescence appe*ars in the form of a compound spike, eacli branch 
of which consists of a nunib»^r c)f anthers arranged in a cone ; each anther 
is repiysented simply by a scale having 2 parallel polb*n-cells, one upon 
each side of a conn(;ctive w'hi(!h is produced into a littb; tongue beyond the 
pollen-cells. The female iniloresc-fmce consists of a sin;. le cone, composed 
of single carjjellary .scales, seated ea(;h in the axil of a membranous bract, 
the whole spirally arranged round the axis; each carpel p 08 .sessing, on the 
upper face, at the base, 2 nakecl ovules, with thedr points directed towards 
the base of the carpel. In other Abietinem the stamens are more complex : 
in Cnnnuighamia the anther is 5-celled ; in Araucaria many-celleci, the 
loculi consisting of free tubular bodies attached by their apices to a 





thickened connective at the upper end of a sleifder filament ; the conditfon 
of the carpels also Arauvariu and JJainmara having* but I ovule, 

CunniiKjhamia .% and other genera more. A divtTftitjr also anpears in 
ilie cones, from tlie ditlinvnt ways iu which the carpels are developed : in 
rinuji Hijlvesirifif and many others, the upper ends become thickened into 
woody li(mU ja/)opItf/.yii) uieeting in a valvafe manner, fomiin^r the 
“ tesstdhe ot the (.‘outinuous surface of the unopened cone, while in AdteSf 
CioumHjhamin^ &e. the upper ends of the rip ' carpels overlap in an 
i nihrica ted ni an iier. 

Ill Vtfprcsfiineff^ the stamens of O/pm-sws, Juniperm, Thuja, &c. are 
peltate, with several loculi under the overhanging connective ; and the 
carpels representing tlu*> female flowers have in 2'huja 2 ovules, iu Cupremts 
many, in Junipvrun 2 or only 1 erect ovuh^ at the base ; in Juiiipeni.^ the 
carpels ripen into fleshy structures, cohering together so as to form a kind of 
berry ; iu Otl/ifris the cone is of globose form, and composed of 4 peltate 
sealt^s, the iipophi/ats of which meet in a valvate manner; the same is the 
case with a greater number of vahes in Cupra^suxy while Thuja has the 
scales more dislinetly imbrieatt‘d, but still with thielomed apophyses, 
which meet in a valvate manner (like those of Pinus syhvstns). 

Tin' curious firscieulnto arrangements of the leaves of Pimui (§ 04), 
wdu're 2, 0, 4 or more occur together, w'iih a common membranous sheath 
at the base, oiler valuable distinctive characters for the species. The 
uHinitic"< of the PinaiHMe are w'ith Ihcotyledons by their habit of growth, 
although then' is an essential ditlerema' in the int«*rnal structure of their 
organs; tin; intlon'seenci* of this and tin* a*<soeiati'd Orders is perhaps 
more highly organized than that nf the Ovcadacejc, and is connected with 
IMiainTogainia, on tin* one hand, hvihe presene<* of distinct stann'us and 
carpels, the latter prodmang a ])erfect seed; wliile the nature of the pro- 
cesses taking place in the development of the embryo (described in the 
Physiolngical Part t»f this work) indicates a close approach to the 
conditions which are met with in tin* higlii r (hyptogaiuia, especially 
SelapiiuUa. 

Distribution. — A considerable Order even in p(unt of numbers, its re- 
presentatives are met with ia all ]»artsof the world, the .species of Pinus, 
Abie>i^ and Tu.voiJiani gi’tiwing socially, form characteristic forests iu the 
northern hi'inisphere. 

Qualities and Uses. — Most valuable as timber trt'C's and as .sources of 
important resins (turpentine, pitch, tJ^c.) used iu the arts, and aromatic oils 
aud balsams having medicinal properties. 

Pinuii includes: — P. sph'vsins^ tin* Seolch Fir (North Europe): P. Pi- 
nastvr, the Fluster-pine, a less hardy live ; P, p<dusfris, the Swamp-pine of 
Virginia; P. T(e<hiAbe Frankine«*nse-pine. Pinus Frcmimfiana, P, Lam- 
bfrtia/ia^ P. Sfrohuji, A’e. are other very valuable timber-tn'cs, attaining 
a ht'ight of upwards of 200 feet. Pinus Ih'nra^ |he Stone-pine of the south 
of Europe, ha.s edible seeds. Abirs includes : — tlie Norway Spruce, A. c.r- 
ceisa ; tlie Silver Fir, vl. pertinata : Abivs bahamea, lklsam-ot-(iilead Fir, 
and A, cainuhmsisy Hemlock Spruce, both Nortli-American. Cedrus. a sub- 
geims of y</nc5,ineliides the Fedarof Lebanon {Abies Cedrus or C. Libani), 
and the Deodar (F. Deodara), which is supposed to lie meivly a variety of 
the la.st named ; Larue, another siibgenns, inebule.s the European 
Larix or LarLv europeon) and other Larches, characterized by deciduous 
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foliage ; Araucaria include® the enormous Chilian Pine, A, imhrivata^ and 
the Moreton-Bay Pine, A. Bidwilli, Eutassa exceUa is the celebrated 
Norfolk-Islaiid Pine. Eaimnara australis is the Cowrie l*iiie of New 
Zealand ; I), orientalis the Dammar Pine of India. Sequoia ( or Welling- 
ionia ) gigantea is a Californian Pine, attaining a height of 3G0 feet ; Micro- 
cachrgs teiragona is the Iluon Pine of Tasmania. 

Junipertis is best known in this country by the common Juniper shrub, 
J. vulgaris, or by the cultivated Savine, J. Sabina ; but the species of otln?r 
countries are more important, as J. hermudiana and J. rirginiana, the Bed 
Cedars,” the aromatic wood of which is used for cabinet-making, and* for 
blacklead pencils ; J. Oxgcedrus, s, Mediterranean species, forms also good 
and durable wood. Thu/a occidentalis and trientalis are th(5 Arbor-vitie 
trees of our shrubberies ; Crgptomeria is now introduced also from Japan ; 
Cupressus semper virens is the common C\^ressj Callitris quad rival vis, llie 
Arar-tree of North Africa, has odoriterous and durable wood ; C. australis, 
is the Oyster-Bay Pine of Australia. Taxodiuni distichuni is the I )ecidii- 
ous Cypress of the United States, and characterizes the Cypress-swamps of 
the Southern States. 

Among the above, turj^entine, resin, and pitch are derived from many ; 
important kinds of resin are : — common turp<‘ntine, resin, pitch, and Biu*- 
gimdv pitch, from Pinus sylvestris ; Venice turpentine from the Larcli ; 
Strasljurg turpentine from jlhies pecfinafa; Bordeaux turpentine from 
P. Pinaster &c. ; Canada Balsam from Abies balsamea and A. canadensis; 
Saudarac from Callitids quadriralvis ; (luni-l)animar from Danimara au- 
stralis See, The berries of Juniper us vulgaris are aromatic, and art* used 
for flavouring gin ; they are diuretic ; «/. Sabina has still more active diu- 
retic properties j and Oupressm and Thuja appear to have poisonous o .di- 
ties, The large seeds of many other Pines, besides the Stone*-pine, are 
eaten locally, in a fresh state, as of Araucaria imbricata, A. liuhcilli, &c. 


Order CLX. TAXACEriE. The Yew Order. 

Class. Coniferae, Endl. Class. Cfymnogens, Undl. 

524. Diagnosis . — Trees or shrubs with narrow rigid leaves or broad 
leaves with forked ntirves, unisexual naked flowers, .surrounded by imbri- 
cated bracts, the male several together, composed each of one or several 
coherent anthers, the female of a .solitary naked ovule, terminal or in the 
axil of a bract ; the seed usually surrounded by a succulent coat. 

Illustrative Genera. 

Taxus, Z. Daciydium, Sol. Cephalotaxus, Zucc. 

Podocarpus, Z’Z/cr. | Phyllocladus,Z.(7.JK*cA. | SaiUbuida, /SV/i, 

AfDnitiea — The relations of this group, sometimes regarded as a Sub- 
order of the Pinacese. are the same as those of that order ; and from it 
these plants differ cniefly in the solitary ovule that replaces the cone. 
The leaves of Saluburiuj and in a less degree those of other genera, are very 
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similar to those of Ferns ; and the stamens of Taxus closely resemble the 
sporaiig’es of JEqidsehnn. 

Distribution. — A small frroup, the members of which inhabit temperate 
regions generally, or mountains in the tropics. 

Qualities and Uses. — Agrt'eing in general with Pinacese, Podocarjms^ 
Dacnjdutm, Taxus (Yew), &c. yield valuable timber. The leaves of the 
Yew are poisonous ; but the pulp of the berries does not appear to share 
this pi«operty. Ulie fruits of halishuriu adiaiilifolia are resinous and 
astringent. 


Order CLXI. GNETACEiE. 

Class, Coniferoe, Emil. Class. Gymnogens, Lindl. 

Dimjnosis . — Small ireos or shrubs with jointed stems, opposite, 
simple ''ettfd-nbbed or miiiule and scale-like lea^'es, and imis(*xual (rarely 
hermapurodite) Ihnvcrs in catkins or ht?ads : anthers 2-8-celled, opening 
by poiH'S ; femah^ llower naked, or with two more or less combined scales, 
siuToumliiig 1 or 2 linked ovules : seed succulent ; embryo with 2 cotyle- 
dons, in the axis of fleshy albiunoii. 

Illustuat£ve Gli:^U':nA. 

Ephedra, Z. | Giietuin, Z. | Wolwitschia, //ee/j. /. 

Affinities. — This Order is chielly interesting as furnishing a link to 
eo..nect the Coiiiferm with the Iheotyledons, since the plants have a 
truly Gymnospermous organization of tin; llower, while in general struc- 
ture Eidivdra Hj)proacli(‘s to Casuarinq, and (inetu}n to Chloranthas. They 
are destitute ot the resin so characteristic of Conifers. The ovule presents 
the curious peculiarity that a third integument, immediately investing 
the nucleus, grows out into a long process like a style, and which projects 
from the foramen of the (uiter coat. Wehritsrhia mu'ahilis,i\ nativt^ of desert 
regions in south-Avesteru 'Propical Africa, Avliere it was discovered by tlie 
botanist Avhose name it bears, is, in many respects, the most interesting 
floAveriiig plant iioav in exislmict*. It consists of a Avoody trunk, about 
2 feet high, with a long Avoody rovd, and terminating above in an irre- 
gularly lobed saddle-like mass, 4-*) feet in diameter. From a grooA^e 
beneath the edge of this is gi\ tui oH’, on each side, a broad leathery leaf, 
some 0 feet long, and .split into numerous thongs. These leaves are 
supposed to be the persistent cotyledons ; and no other's are produced, 
though the plant attains an ag(» of at least a Iwindred years, and pr<.»biibly 
more. The disk at the top of the .stem is lalfarked by concentric lines. 
The inflorescence consists of cono.s borne on forked branches Avhich ori- 
ginate from the edge of the di.sk. The cones contain, some femah' tlowei’s, 
others male flowers ; the latter with an abortive ovule occupying the ex- 
tremity of the axis. The female flower i.s similar in essentials to that of 
Gnetum ; the male is quite distinct from any thing else. It consists of a 
penaiith, as in the male flowers of enclosing six stamens, united 

by their filaments into a short tube, and bearing globose anthers, which 
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open by a 3-rayed chink. In the centre of the flower is a bodv like an 
ovary, with a terniiiial style-like prolongation and an expanded stigma. 
This pistil-like structure invests the nucleus of the ovule, which, in this 
case, is destitute of embryo-sac and embryo. The ovary-like body in 
this flower is shown, from ‘its mode of development and structure, to be 
homologous with the coat of an ovule, and not to possess the character- 
istics ol an ovary, e.xcept so far as superlicial resemblance is concerned. 


Fig. 455. 



Fig. I'o. IVehcihchia ulrnbilut. 


Th^ long stvlifonn process is similar to that which occur.’^ in the ovule of 
Eftheflrn. The ovule, then, of WehdUrhin is strictly Gvinnospermous, 
like those of Oonifer.o. The structure of the stem b^dongs to the Dicoty- 
ledonous type, but having, in mldition to tln^ other bundles, scatbjred 
vessels passing tliroiigh the parencliyma, as in .Monocotyledonous stems. 
Among the ordinary parenchymatous cells occur “ spicular ” cells of large 
size and irregular branching form ; the.se are cov^avd on the outsid(? with 
rhomboidal cry.stals of carbonate of lime. Similar cells occur in Armt- 
caria. 

Distribution. — Ephdra occurs in Europe, Asia, and South America, in 
temperate rcigions ; Oneinm in tropical India and in Guiana. 

Qualities and Uses. — (liiimpovtaut ; the branches and flowers of some 
Ephedrm were formerly used as a .‘Styptic druir. . 


Order CLXIL CYCADACE/E. 

t 

Gass, Zamise, EndL Class. Gymnogens, Lindl Subclass, Gymno- 
sp^imem, Jlenth. et Hook. 

526. Biagnom, — Pulm-liko, dwarf trees with simple trunks, 
having the intcniodcs Undeveloped, the surface tessellated with the 
scars of the fallen leaves ; leaves clustered at the summit, pinnate, 
parallel-ribbed, more or less hard and woody, circinate in ver- 
nation; ditBcious, the flowers in cones; the anthers covering the 
under surface of the male cone-scales ; female flowers either peltate 
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.scales with ovules beneath, or flat scales with ovules at the base, or 
somcMiiut leaf-like scales with the ovules on the margins; seeds 
wuth a hard or succulent coat, containing 1 embryo or several, in fleshy 
or mealy albumen. 

Illustrative Genera. 

Cycas, L. Zainia, X. Macrozamia, Miq, 

Diua, Lindl. Ihicephalartos, Le1m» Staiigeria, Moore, 

Amtiitiesi—Witli the habit and appearance of Palms, especially in the 
genus Stinujeriay these ])lants agree witli Pinacefe in the (.*ssential pecu- 
lianties of the organization .of tlulr flowers and seeds, while the distri- 
bution of the re])rodiictiv(* organs over the leaf-like caipels and antheri- 
ftTous scales in Cifcnsj together with the eircinate vernation, connect this 
Order with the Ferns, thus strengthening the relation between the 
Gvinnospennia and the higher (.’ryptogainia, which is so evident in the 
aflinities betwec'ii Pinacece and Lycopodiacea*. Some difference exists 
in the condition of the reproductive organs. The flower-cones, composed 
of imbricated scales, aj)]>ear to be axillarv productions in Zamia ; but in 
Vjfcaii th(‘y are formed from tlu‘ terminal bud, which subsequently grows 
on (as in the Pine-a])plo), so that here the terminal inflores(*(»nce does not 
arrest the growtli of tin* axis : the formation of cones occurs at intervals ; 
and when the scales fall off after the pollen or the seeds are mature, the 
st(‘m is found marked alternate-ly with bands of sears of two kinds, those 
of the true leaves and those of the floral h‘aves (eai’pels and stamens). In 
Zamia the cones are lateral, like the spadices of manv Palms. In Vjfcas 
tlie f(*niale ooin‘s an* formed of largti flat leafy carpels, with ovules airanged 
at some distance apart on the juargins; the male cones are likewise 
formed of leafy s<*ales, hearing nunnTous anthers (or hxuili ) scattered over 
the low(T surface, tin* loculi being commonly gruiipul in fours like the 
sporangos ui Mwicusia, In Zamia the exmes more nearly resemble those 
of Pinaet*a‘ : the male cones are formed of ]H‘ltate scales (with an apophysis 
as in the ript^ cones of Caprcssifs) with the pollen-cases niulor tne over- 
hanging ln*}ul ; the femah* cones are composed of somewhat peltate scales 
iK'aring only a pair of ovules at the basi*. 

Distribution. — Tropical and ti-m))era1<* parts of Asia and America; 
Africa, especialk near the ( ’ape of (lood Hope, Madagascar, and Australia. 

Qualities and Uses. — The chief value of tlu'se plants rs as sources of 
a kind of Arrow-root or Sago, consisting of tin* starch washed from the 
internal parenchyma of the trunks, or ohtaiin'd frimi the mealy alhuinen 
of tin* seedvS. (\f/ras rvvolata and (/. cirvinaJis are “ Sago ” plants in Japan 
and the ]\Ioliiccas ; various species of lhH'q)halario^ ioxm\\\\i\i is called 

Caller-bread*’ at the Cape; Dion vdule (sjods) furnishes a kiud of 
Arrow-root in Mexico. 
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SuBKrxGDOM II. CRYPTO&AMIA, or PLOWERLESS PLANTS. 

i327. Plants procliicing sexual organs, but neither stamens, ])istils, 
nor seeds. Embryo simple, homogeneous, not divided into distinct 
organs, but consisting of a single cell. 

Tlie plants included under tiie above head are divided into a great 
number of subdivisions, which, although all connected together by the 
characters above cited, vet differ exceedingly in the minor details of their 
conformation fsee p. loS, §§ *‘105 on which account it is desirable to 

treat of the morphological details of each gnmp at greater length than in 
the case of the corresponding groups of IMianerogams. The functional 
peculiarities are likewise separately treated in the physiological portion of 
this work. 


Division I. Angiospora. 

528. Ciyptogamous plants possessing true stems and leaves (fronds), 
producing thoir spores in “sporangia*' or spore-cases, which are 
themselves sometimes enclosed within spore-fruits — “ conccptacles 
or siX)rocarps.'” Antheridia j)roducing spirally twisted, ciliated 
“ antherozoids ” or “ spermatozoids.’^ Spores, when germinating, 
producing a “ prothallus,*’ on which the “ archegonia ” or female 
organs are formed, winch are fertilized by the anthcrozoids, 

Angiosporous Cryptogams, as above defined, corres})ond for the most 
part to the Acrogeus of other botanists. The woody tissue includes 
vascular as well as cellular el*-meuts, and increa>es chiefly by addiliou to 
the summit, as will be further explained under the head of Mimit(‘ 
xVnatoiny and Physiology. The jdaiits manifest in tlie germination of 
the spores a sort of alternation of generatitms : first a prothallus is deve- 
loped, on which the true female organ is formed and fecundab^d by the 
antherozoids, which latteu- are either formed on the primary plant, or on 
the prothallus with the archegonia. 

Class I. SPOIIOGAMIA. 

529, Angiosporous Cryptogams, producing two kinds of spores : — 
“microspores,” containing spiral spermatozoids ; and “inacrosporcs,” 
which in germinating form a “prothallus,” and on whi(;h the arche- 
gonia are formed. C « 

This class includes the Orders ^larsileacete and Lyoopodiacem, asso- 
ciated under this name ton jicpount of the similarity of their modes of 
reproduction. They pr«)duce spores of two kinds, called respectively 
macro- and microspores: the former give origin to the spore; tlie latter 
are “ antharidia,” in whicli are formed “ antherozoids.” Tlie spore emits 
a prothallus,” on which is home one or moreiarchegones, analogous to 
ovanes and containing a cell which is fertilized by the antherozoids. 
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Order CLXIII. MARSILEACE^E. 

Class, llydroptorides, Endl. All. Lycopodales, Lindl. ' 

530. Dkujmsls. — Creeping or floating herbs, with an inconspicuous 
stem bearing stalked or sessile leaves, eircinate in vernation ; sporo- 
carps stalked, situated at the base of the leaves or leaf-stalks, and 2-4- 
ceiled, 2-4-valvcd, containing anthcridia (microspores) and spo- 
rangia in diflerent com part nieiits of the same fruit, or 1-cellod with 
the anthcridia and sporangia in separate sporoearps, and springing 
from a central jdacenta ; spore producing a prothaUus, on which are 
one or more archegonia. 

The ^larsileacea), of which Pilularia is our only native example, are 
small herbaceous plants, growing in the mud at the margins of ponds, or 
floating in stagnant ptuds. Their stem is little developed, consisting in 
the terrestrial forms of a slender creeping rhizome with tul’ts of Aliform 
adventitious roots; in the acpiatie forms it is a mere basis for the tufts 
of leaves. The Icjincs are Miiall, tiliform in Pilularia, ovate in SalvinWy 
and of rouiarkabh* {piateriiate. form in Jlarsilta. The fruits consist of 
capsules of globular or o^al form (sj>orocarjjSj coucvptavleSy or sporv’-fruits)^ 
borne on stalks which arist* at tlie bases of the leaves or leaf-stalks. In 
Pilularia and Marsilea the spon -fruifs are divided into chambers,, which 
contain the two kinds of spores in distinct sac-like cases (f/n'crc). \xilHlularia 
the sj)orocavp bursts into two or four valves, and li)x‘rates a mucilaginous 
substance in whicii are intermixed the micro- and macrospores. In 
silva the sporocarp bursts in a similar manner to give exit to a mucous 
, thread or stalk, bearing oblong sporanges or spore-cases, some:- of which 
contain large, otliers small spores. In iSalvinia and Azolluy the spore- 
fruits are of two kiuds, and produce respectively anthcridia and sporangia. 
The anthcridia contain aiitherozoids like those of Ferns. 

Aifinlties, &c. — The organization of the reproductive ofgans in this 
Order is the liigliest met with in Cryptogamia, the sporanges being 
enclosed in cansules stalked upon the main stem. JSalrhiia inni AzoUa are 
sometimes included in a distinct group, ISaii'wicipj distinguished from the 
true Marsileacem in habit, in the circumstance that their reproductive 
organs occupy separate conceptucles, the cunceptacle itself being 1-cellcd, 
with a central placenta, and destitute of the gelatinous body so chanicter- 
istic of Marstlcas. Moreover the prothallus bears more than one arche- 
gouium. The species are not very numercais, but are widely difllised, 
chiefly in temperate climates. They hav& mo known properties. The 
Nardoo of Australia (Mur&ilea salmtrLc) belongs to this family; its spores 
have been eaten in cases of scai*city. * 
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Order CLXIV. LYCOPODIACE/E. Club-Mosses. 

Class, Selagfines, JUtuU, All, Lycopodales, Limll. 

531. Biagnosi ^,^ — Herbaceous plants with creeping stems, branch- 
ing in a bifurcate manner, clothed with small, usually closely imbri- 
cated leaves. Sporanges in the axils of more or less mt'tamorphosed 
leaves, often arranged in cone-like spikes (stalked or sessile) formed 
from one of the branches of a bifurcation of the stem ; sporanges 
1-3-celled, of two kinds {Sehghiella), producing either 4 large 
ovulary spores or numerous small antheridial spores. 

Illi stuattve Gexeba. 

Tmesipteris, JBemh, 1 I^ycopodium, L, 

Psilotiim, Sic, ' Selagimdla, Spring. 

The Lycopodiaceoe, including the Zgcopadiefc and also tlie IsoidecPy 
are distinguished by their spormiges being sessile in the axils of leaves or 
bracts, which are often collected into a kind of inflorescence like the cone 
of Firs. 


Fig. 450. 



Organwation of Lycopodic® : — a, frnfnnf*T»t of S^fa/finfiVa with f* nit-spikes: b, n por- 

tion of the leafv trtera; e, frhit,-«»piUe of Lycopodium annotimnn ; rf, fruit'^Hcale of L. iuuii- 
datum, with anilary sporange ; <?, the sporange bursting ; /, spores firom e : a, sporange and 
Bioall spores; h, eporango with quaternary large spores; and i, the same, ourst; all from 
SalagineUu^ helvetica. 

The LycopodiecB have slender stems characterized by a bifurcating 
mode of ramification (fig. 456, a). In the Lycopodia the stems are hard 
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.and woody, in the Selagindhe usually very delicate. They produce 
solitary adventitious roots at the forks, and are covered with small imbri- 
cated leaves, all alike and arranged spirally in Lycopodium, but- of two 
kinds and arranged in peculiar vertical rows, giving, a flattened aspect to 
the stem, in SelayiheUa (fig. 456, &) ; the smaller leaves here are Regarded 
by some authors as stipules. 

Th(* fertih^ leaves of many Lycopodia and Selaymellce are collected in 
slender-stalked or sessile cones or strobiles (fig 456, c). The spores are 
contjiined in depressed oval cases, seated in the axils of these leaves {d) ; 
and in Lycopodium only one kind, containing a large number of spores, 
reseinbling pollen-grains, has been found (c, /*) : in Sehyinella, however, 
microspores or antheridia are formed, and the lowest bract in each cone 
is found to subt(uid a sporange containing four much larger spores (macro- 
spores ) (//, i) ; these last are the kind which germinate and reproduce the 
plant, producing in the first instance a prothalliis, on which archegonia 
are produced and ar(i fertilized by anlherozoids like those of Ferns and 
formed within the rnicrospores. The reproduction of Lycopodium has not 
been observed. 

Ijycopodiecc seem to have attained far gi-eater dimensions in former ages ; 
the fossil trunivs of trees called I^pidodendrn a])pear to have belonged to 
plants of this family, and which must hav(‘ rivalled 'the arborescent Ferns. 
At present they are herbaceous plants, (bt* hardy I^ycopodia mostly creep- 
ing on tlie ground, the more delicate Sduyiuellce either creeping or climbing 
ovt‘r low objects, in damp and warm climalc'a. 

Affinities, &c. — The immediate relations of this Order are with Isoe- 
tac(‘ie, wdiich scarcely dilfer, except in the organization of the vegetative 
structure, and in the larger number of the macrospores. A most distinct 
atiinity exists with Pina<*(ue in the cone-like spikc^s, as well as the deve- 
lopment of the embryo in the larger spores. The Club-mosses are generally 
diifnsed : — the species of Ijjvopodium in tmnpi*rate and cold climates ; the 
iSdayiurlhc in w'arm regions, being especially al)undant and large in warm 
damp localitii*-* like the Indian islands. Some kinds are apparently dangerous 
or poisonou.s: X. claratnm hits been used as an emetic; X. Selayo and X. 
cathnriicum are purgatives: the latter is very viohmt in its action. The 
Sdayiudhe are very elegant plants, mucli valinul in cultivation, in associ- 
ation with Ferns, and in moist stoves on account of the bright and deli- 
(*att‘ly formed foliage. One or two of the species roll up their fronds 
wh(*n dry, and hinfold them again when placed in water, owniig to the 
rapid absorption of the fluid, w’bence they have been called Resurrection 
plants. 


OiiDER CLXV. ISOETACE.^. Quill-worts. 

Class, Selagines, Endl All T^ycopodalos, Liud!,' 

f 

532. JDiaynosis , — Tufted acj^imtic or marsh herbs, gi’owing from a peren- 
nial conu-like stem, snpporliiig linear cvlindricnl leaves of delicate tex- 
ture, producing annually, in the axils of sncc(*ssive cycles of the leaves, 
sporanges which are immersed in the sub.«*tancc of tile inner face of the 
leaf and divided internally into chambers by more or less perfect septa 5 
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some of the sporanges produce small j^ntheridial spores, others (fewer) 
large spores. 

Illustrative Gexera. 

Isoetes, X. | ? Phylloglossum, Kze, 

The Iso'etet^ are represented by a genus of plants prowing in the mud 
at the bottom of pools. Their stems consist of a kind of conn, of peren- 
nial duration ana of woody structure when old, producing adventitious 
roots on the underside, like the corms of the Flowerinir plants, and semi- 
ins: up tufts of leaves from a single terminal bud. The leaves are v(‘ry 
delicate, of cylindrical form, and contain longitudinal air-chambers ; they 
are expanded into a kind of sheath^ “ phyllopod,” at the base wlu'iv 
attached to the conn ; and in their axils, move or les.s imbedded in the 
substance, are the s/)oranp<'>% sacs divided into several chambers, soim? 
tilled with numerous small polJcn-Uhe sporc'i, otliers containing a small 
number of larpe spores, resembling the quaternarv spores of Maf/inelhy 
and, like them, producing the prothallus on which the archegonia or 
female organs are placed. The antherozoids are like those of Ferns. 

Affinities. — Nearly related to Lycopodiaceie, with which their reproduc- 
tive organization agrees in all es^jcntial respf‘Cts — but ditl'ering strikingly 
in habit, especially in the chaTOcter of the stem, which is exteinally like 
a corm, but in reality is b perennial woody caudex increased in size by 
successive annual growths. PhifUopto^sum wouhl appear to be exactly 
intermediate between Isocfes and SchiofncUn, haying the leaves ami stem 
of the first, with a stalked spike, like the second : perhaps tliis and the last 
Order sliould be conjoifted. The species of Iso'ctcs an^ gemu’ally dilfused 
in the northern hemisphere. They have no known properties. 


Class TI. THALLOGAMIA. 

533. Angiosporous Flowerless plants jmodncing spores of one kind 
in sporanges placed on the leaves or on the stem ; the spore genni- 
nating into a green cellular prothallium (like a Ricclff), on which are 
develo)Xjd aiithcridia and archegonia, the latter giving origin to a 
leafy stem ; antherozoids spiral. 

This class comprises the Fenis and the Efpmeta, or Horse-tails, two 
•groups which are connected together by the plnuiomena pn‘sented in the 
germination of their .spores, and by their producing these organs in one 
kind only. While the Sporogaraia have wliat may be called male and 
female spore.s, the Fe;ms and Horse-tails are funuNlied with spores r)f only 
one kind, which germinate* and produce an Algoid frond .called a prothaU 
h/Sj upon which are developecr the sexual organs, the nrcheponia and «w- 
theridia, AVhen an aro^goniiim is fertilized, it gives birth to a kind of 
embryo, which assumes character of a bud, sends out leaves (or stems) 
and roots, and grows up into the fonn of the parent plant, while the germ- 
frond or prothnllm dies away. 

The Filice.s and the Equisetacea? arc verAMinlike in their fully developed 
conditions : in the former tlie haivtis arc? the predominant organs ; in the 
latter the leaves are almost abortive, and the stem is highly developed. 
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OiiDEii CLXVL EQUISETACEyE. Horse-tails. 


(,^alaniarije, £ndL All. Muscales, Lindl. 


5134. Diafjnosh . — Herbaceous plants with slender, jointed, some- 
times nodular, subterranoous rhizomes, sending up at intervals fistiilar 
jointed stems, bearing whorls of scales (leaves) at tlic joints, where 
tiny lire sometimes v(*rticillately branched ; oleins either barren or 
lertih*, tjie latter terminating in a clavatc joint covered with spor- 
anges, ‘ consisting of peltate bodies (fig. 457, c, ^/) with dehiscent 
spore-chambers under the overhanging liead. Spores of one kind, 
witli 4 elastic, filaments, “ idaters,'’ formed l)y the spiral fission of 
the outer coat of the spore (fig. 457, j). 


luLUSTJt ATIV'E G KXUS. 

Ecmisetimi, Z. 


The Ecpiisetnceai /it present 
existing consist of a single genus, 
Efiimvhnn, a small a^s^ uiblage of 
iierl^aceous plants growiugiii marshy 
places, ha\’ing n crof'ping, subterrane- 
ous, jointed, hut Maid rhizome (tig. 
•1*57, a)^ from whirh arise erect .shoots 
or stmiis of piaudiMr a.spt‘ct, ami 
nsnally of greyish-grt'eii colour. 
Thev ari) striated longitudinally, 
jointed at intervals, witli cirele.s of 
small ami narrow membranous seales, 
representing the leaves, at the joints 
(tig. 157, and tliey are tistnlar, 
like the stems of Grasses. Tliev are, 
moreover, travei-sed hy a number of 
air-canals varying in number and 
ilisposiiion in the several species. 
The stems are sometimes smiph*, 
sometimes compound, bearing whorls 
or branches at the nodes (//), which 
branches resi’inble tlu‘ main stem in 
eliaracter, and fre([uently Iwancli 
again in a similar manner at tlufir 
nodes, 'flm (Mvet steni.s are eillier 
fertile orbniTen ; in some species the 
fertile stems arc short and .simple, 
while the barren stems are tall ami 
provided with numerous whorls of 
.spreading compound branches {E. 
JInviutUv). Idle fi'rtile stems tenni- 
iiate in a kind of club or spike (fig. 
457, (ty h)f composed of a short axis 
closely covered with sporanges (^c) ; 


Fig. 457. 



Orij^nisatton of Equiaotacoa*:~^p 

rtfm ilf finrM.vv’, anHins; from 

tho rhixoim*: h, frnit-«piko in«C size); 
f, tn»nsv« rsi‘ aorlion of J*)., inj; how 
th»‘ «>poran;H's nro attarhi'd to th«* axis; 
J, a enonuijjo, aocn from hoj\rath ; e, a 
apor*‘: Z iht* ganio, with its “elatora’^ 
unroih'd; fragment of the branched 
stem of K. pulusir^. 
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these are little peltate or miishroon^-shaped bodies (c, f/), attached by 
their stalks to the central axis, and bearing under the overhanging head a 
circle of vertical tooth-like pouches (rZ), resembling the anther-cells of 
ITiif/a, and which burst by a vertical slit on the inside to emit the spores 
when rine. The i^ores are furnished with remarkable filiform processes, 
called e/aters (tig. 4o7, e, /), cons^ting of four short filannmts attached 
at one side, coiled spirally round tiie spore before it is mature, and un- 
winding with elasticity when the spore is discharged from the sporange. 
The erect stems die to the ground annually, while the rhizome continues 
its growth by buds. t 

Affinities, ic. — The plants of this Order belong all to a single genus, 
which is very unlike any other form of Cryptogamous plants. In external 
appearance the stems have no little resemblance to those of Ephedra and 
Ca^uan'aa ; but their internal organization is totally different. The s])ikes 
of sporanges also are very like the male cones of Zamia among tlie (ivm- 
nosnermous Phanerogainia ; but the spores of Efpn<(‘tum are furnished 
with spiral filaments, forming a structure quite peculiar to the OrdtT. 
In conjunction with th(‘ tistular erect stems, having a slight similarity to 
those of (trasses, we find in E<pn\srft/m, as in that^)rder, a deposit of silex 
in the epidermal tissues, an<l in E. fnjemale so abundant that the ashes of 
the stem form a good polishing-powder, like fine tripoli. In the histoiy 
of the development of their spoiv^i these plants agree ess('ntially with tin? 
Ferns (see Piiysiolog'#'). Ihe Equisc tacejo are found in wet places in 
most parts of the globe. 

« 

OiiDER CLXYII. FILICES. Ferns. 


Class. Filices, Endl. All. Filicnles, Limll. 

o35. Diaffnrms . — Herbs with a subterraneous rhizome, or trees 
with an unbranched caudex,with well-develo])C‘d, generally more or 
less divided or compound leaves, circiiiate in vernation, and all or j>art 
of wnich bear clusters of sporanges upon the lower surface tfig. 
458, rt, />, d) or at the mfirgins (;/), sealed uj)on branches of the veins. 
The sori are naked (h) or covered at first by a variously formed 
dehiscent or separating membranous stnudure c/, c) which 

is <^tinuou3 with the o])iclermis of the leaf. 


IlLVS TI tATIVE GkNF R A. 


Tribe 1. Polyi»odie-E. Sporanye'< 
stalked, icith a vertical annulus. 
Acrostichum, L. I ' 
Gymnogramina, Eesv. 
Ceterach, Adana. fc 
Polypodium, L. 

Adiantum, L. 

Pu»ris, L. 

Allosorus, Eernh, 

Blechnum; X* 


’ Asplmium, X. 

Scolopondrium, Smith, 

’ LaMnva, IWA. 

; Asj>idiuin, Swatiz. 

Cystopteris, Ihrnh. 

Tribe 2 . Cyathee.e. Sporamjes 
seasile, more or less elevated mi a 
common receptacle; anmUus vertical, 
Alsophila, i?. Xr. 
i C'yalhea, Smith, 
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Tribe X Pahkerte^. Spomnges 
thin, with a broad, imjMrfect, vertical 
tmnnlm. 

Ooratopteris, Bronyn, 

Parlicria, Hook, 

T ri be 4. 1 ly m e xoPii\n.LE je. ^po~ 
ratujvA OH an axis prodm vd by the 
exmrrencH of a vein beyond the ynar- 
yin of the leaf; anmdus hurizonUd or 
oblique, 

I T v m enopliy 11 um, Sm ith . 

Trieboinanes, L. 

Tribe 5. Oi.eiciikniea?. Spo- 
ranyes commonly arranyed in fours 
in the dorsal sori, nearly sessile, with 
a transverse ^>r oblique annulus: 
hurstiny vertically on the inside, 

TTleiclienia, Smithy 

MtTteiiaia, U'dld. 

Tribe 0. Sciiiza:e.e. tSporanyes 
dorsfd : the annulus in the form of a 
cap on the summit : dehiscence rev- 
tical, 

Schiznea, Smith. 

Iwyjrodiuin, tSwartz. 

TIh' Filie(‘s or Imtiis exhibit a far <n'eat<*r variety of conditions than 
the Ildvse-tails. Tlu'ir most remarl ulile character is the p’eat develop- 
ment of llu^ leaves, the stem being represented in most cases by rliizomes, 
althongli in some of tlie exotic forms it becomes areal trunk, rising above 
the ground in a manner analogous to the trunks of l^alms (fig. 20 ). 

The rhizoiiies of the lu'rhaceou.s kinds are subterranean, and grow 
eitluu’ horizontally or vertically. In the former the internodes are^ither 
developed or uiuleveh^ped ; when they are developed, the leaves arise 
singly from tlu* ground, ns in the common llrake-fevn {Hen's) juid Poly- 
podium vuiyare (tig. 458, uj ; when the iiiteniodes are undeveloped, th<^ 
leaves are tufted, which is ahvava the case when the rhizome is erect, as 
in Afhyrium Filt.v-fa mina ; and the arborescent kinds likewise exhibit 
the tufted growth of the leaves from a terminal hud, with little develop- 
ment of the internodes. Tlie rhizomatous stems frequently brjuicji, in 
whi<-h case the stem bifurcates, as in the Lycopodiacefe. 

The leaves of the Ferns resemhle those of the Phanerogamia in their es- 
sential structure ; tliey are very remarkable for their multifold compound 
forms. Tlie venation or ribbing exhibits a j^eculiarity, the rainitication 
of the vedns in the lainimo being on a bifurcated phui (fig. 458, b, d), and 
tlie subdivisions retaining an equal .size. The If^avt'S are also characterized 
by the circinate venmtioii *(§ 1F‘T) which is almost universal in the Oinier, 
the only exception being found in the Ophioylosseee, 

The Iructification or Sporiferous apparatus of the FerAs is produced upon 
tlie leaves ; and it presents a great variety of iiKHliiications, which ierve to 
cli aracteiize the principal subdivisions of the Order. The ^ores are formed 


Tribe 7. Osmunde.®. Sporanyes 
stalked, dorsal, or arranyed on pinnm 
assuminy a spiked or paniculate aspect 
from the absence of parenchyma be- 
tween the veins ; annulus incomplete, 
dorsal ; dehiscence across the vertex. 

Osinunda, L, 

Todun, Willd. 

Tribe 8. M.\iiattiea:. Sporanyes 
free, closely packed in iico nnvs, or in 
a circle, or soldered toyether so as to 
resemhle a many-celled capsule, ^ch 
cell opemny by a pore; anntdius none. 

Angiopteris, Iloffni. 

Marattia, Sm. 

Dauma, Sm. 

Trib(.‘ 0. Ophioolossea:. Leaves 

not circinate ; spfwanycs 2-valved, on 
the fiides of a spike or scaqye, which is 
sinqde or branched ; annulu'f none. 

C^phioglossum, L. 

Jiotiychium, Swartz. 
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in spore-cases or f^pormiges^ little membranous sacs attached by a |)edicle 
to the lower surface of the leaf (fig. 458, c, Jcc.)* or to a kind of 
skeleton of tlie leaf in which the parenchyma is suppresstnl (o). These 
spore-cases ditfer in some essential particulars of structure, in the mode of 
attacbmeiit, and in their relations to each other. 


Fig. 458. 



Or^nization of F»*mH: — a, plant of Pofypo<Ihtm ruf^nre; fragno'iit of a pinna with nak#*<l 
Mori; r, section throuj^h one of the sori, Hhowi»»^ the attat hrnent of th»* Bjiopangca 

to the leaf ; d, portion of a pinnule n( LoMfrteu JF'ifir-tintJi, tin- aori ro\» re(l with indtt*tit; 
e. Vertic al section through a f»orn<^ of the fianie, showing the attaehinent of the indiiHiuni 
and sporanjies; J\ vertical section of ac’up-shaped iudu<<iuiu and sonis <>i' ; 7, mar- 

tfinal scjru'i of H^D^Pnoph^Uunt ; h, th^ same, with "-ni* valve n Miov«-d, to show the attach- 
ment of the sporanffcs; sporan;,o* of Tolypndivm hurstinir; k, sporinffc* of 
phyllum; I, sporangc* of Sohiz/ftix m, jjnmp of aporantjea u\ Mrrteunio \ n, sporanue of 
OatHumla n, portion of the f*>rtilc lone of the frond of Itulryvkiiim Xuaartci, with the 
aporanges burst ; p, spores of Ferns. 

In most of the Filices the spore-cases possess an annnlm or ring 
(fig. 458, 2 *), an incompletf.* ring of thickened cells running round the 
sac, and assisting, by its cov traction wdicn drv, to rupture the sac and set 
free the spores. In the Poh/podira- and other tribes it is vertical ( fig. 
458, t); in the IlymenophfUe(e the ring is oblique and unconnected with 
the basal pedicle \h) ;»in the (ihichmivfe the ring is horizontal (m) ; and 
in the ^liizceem it forms a kind of cap with rarliating strife on the top of 
the spore-case (//; in Osmmuhcf^ the ring is broad, but iuiperfectly dc- 
velopefl (»), while in Marattiea; and Ophioglosseio {o) it i.s absent alto- 
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In most of tho iril)es the spore-cases are distinct from one another, bit 
collected in jjroups (son) ot various forms, round, linear, &c. (fior. 4o8, 
/>, r), on tin* lower surface of ordinary leaves, or of leaves especially de- 
voted to th(» fructilication and mo<lified in form and texture. The son 
are either na/ced (6, c), or covered by a membranous cover or indmium 
(//, c), the forms and inodes of attachment of which furnish systematic 
characters. In the ^larattiem the spore-cases are iisuaily more or less 
eoher(*nt toprether, so as to form a false compound mnltilocidar sporange. 
In the tli(‘ sporanpfes ar<‘ attached to little coliinins formed 

by the production of the ribs beyond the marffins of the leaves (ff, A), 
becoming: at the same time enclose<l in cup-like recepta<des formed from 
th(^ margins of the leaf. In the Ophioglosseaj a portion of the leaf is 
transformed into a simple or compound spike-like procfjss, covered with 
free spore-cases destitute of a rin^^,and splitting regularly to discharge the 
spores (o). 

'Phe spores are simple cells of microscopic dimensions, furnished, like 
pollen-grains, with a double coat, the outer of which is geuei*ally similarly 
inark»*d with papilhe, reticulations (yi), S:c. 

The tfu’in doweling” fern is erroiu'ously applied to those kinds in which 
the tertile leaves or lohes are destitute of ]>aren(*hyma, and thus resemble 
su])(Tticially the spadices of Phanerogamia, as Osmumhij Botnjfhiumj 
Ojdiiof/lossam^ See. 

I'he arb)rescent Perns belong to the Poh'podiea^ and Cyatheete, and differ 
only in habit and dimensions from tin* more familiar forms. 

Ferns are sonietini(‘s reproduced by buds, analogous to bulbils, formed 
on diilerent parts of their structure, and sometimes at the points of the 
leaves.^ 

Various attempts have been made to explain the moiphologj" of the 
sporangf's, or ZZ/ceve, and the hidusium. e beli«'V(* tlie latter must be 
rt‘garded as a provliujt of the lower epidermal layer of the leaf ; and the 
sporanges are doubtless, like the antliers on the surface of the male scales 
of Cpras, developments of +he parenchymatous structure, which seaively 
admit of comparison with tb<i proper appendicular organs of stems. Some 
autliors, however, dt'seribe the leaves or ‘‘ fronds '* of Ferns as branches ; 
and thfii the .so/‘Z admit of being regarded as develojied from leaf-buds, the 
lcav(‘s uf wliich become sporanges (clustered together like the spines in 
the abortive buds of Cactacete). 

Affinities, &c. — Tlie Filicea constitute ^ vm’v larfro and natural group of 
Cryptogamous plants which have no very close relations, its reganls 
geiKU’nl structure; hut the Ophioglossem seem to form a link between 
Osmimdvce. and Lycopodiaceie. As regards the physiological pi'Ocesses 
occurring in n^prodnetion, this Order must be cluvsscd with the Kqui- 
setaceae, notwithstanding^ the great diversity of habit, which, as a whole, 
may he exprovssed by saying that the leaf proiV'Oiimites in the herns and 
tho stem in the Horse-tails. \ 

The Ophioplosscee depart importantly from the general characters, both 
in their foliage and their reproductive organs ; to the form of tlie latter 
there is an n]u)roach in Marattiem, and perhaps wd niav admit that the 
sporanges of this Order are really like tliose of Lvcopiidiacefe : the de- 
velopment of the voting spoi*es appears to agree, Iiow*ever, with ^lat of 
tho hVn’ns and Equisetaceoc, which is on a totally different plan from that 
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of Lvcopodiejt*. Ophioprlossacefe are sparingly represented in Europe 
and JCorth America, the West Indies, at the Cape, Tasmania, iSrc., but are 
most abundant in the Indian islands. They seem to be ’without active 
primerties. 

The Marattifee, by the absence of the annulus and the frrouping of the 
sporanges, appear to stand between the Polypodies and the Ophio- 
giosseiC. 

The Ferns of temperate climates in the northern hemisphere are herbs ; 
in the islands of the tropics and the south tetnperatt* latitudes arborescent 
forms occur having the habit of Palms. The Ferns are uiiiversallv dis- 
tributed — more abundantly, howt‘ver, in damp, mild climates, which favour 
the development of foliage. Some of them have active pro])erties, as- 
tringeiicv, anthelmintic and emetic qualities, &C., but they are of little 
importance ; the rhizomes of Herts See., and the stocks of some arbo- 
rescent kinds, allord a poor nutriment, us<‘d by the aborigines of the South- 
Sea Islands and elsewhere in times of scarcity. It need scarcely bt‘ men- 
tioned that this is the favourite Order of Cryptogamia among cultivators 
of plants. 


Class III. AXOGAMIA. 

oHG. Angiosporou:^ Floworlcss jdunts, producing antheridia and 
archegonia in the axils of their leaves or in pnqx'r buds, the fer- 
tilized archegonia giving birth to sporanges tilled with i^ii||laerous 
spores, all reproducing the plant. 

This title h applied to the Mouses and l.iver^vorts on account of tlie de- 
velopment of the arehiffimia and untheriiUa upon tlie perfect leafy plants, 
the fertilization of the areliegonia being followed here bv the development 
of the fruit containing the spares. Ikith groups exhibit a peculiar mode 
of germination, th<‘ spore being de\elopejl into a branched cnnferv<)id 
filament, upon which leaf-bud.s appear, ‘growing up into leafy slems, 
beiiring antheridia and archegonia and subsi,*quently capsular sporanges ; 
so that the perfect plant of a Mo.'S coiTcsponds to the heart-shaped Mnr- 
vhatitiaAWie expansion of the prothalliis of Ferns on wiiich the antheridia 
and pistillidia are produced. 


: OkderCLXVIII. BRYACE/E. Mos.ses. 

ClanH, Miisci-, EmU. AIL Muscales, lAndL 

, ,i ^ 

537. DMf/nosis, — (Fig. 450.) Mos.scs. of ctrspitoso or diffused 
creeping habit, terrestrial or juiualic, with u.sually spirally imbri- 
cated leaves, and um-shaped sporanges, terminal (rternrarpouH)^ or on 
the ends of short lateral branch(\s {claflocmpniis), or from the axils of 
leaves (phurocarpom), usually raised on a seta (Tig. 450, a), covered 
at first by a calyptm (J), ultimately naked, then bursting (rarely) 
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irrep:ularly, or by the separation of a lid {operculum, f), leaving the 
tree margin of tlie eapsulc naked (gymnostomous) or fiingcd by a 
single or double row of teeth {perisiorne, e, h), whose number is a 
power of four, and wliich arc free or combined by lateral processes ; 
sporanges with a central columella {e') and no claters. 

IlLUSTTIATIVE GENi:i7A. 

riiasciim, L. j Tricliostomuin, Iledic. j Funaria, Iledw. 

Griinmia, 7:7/y7/. ; Kiiealypta, ( rolytrichiim, X. 

IVtranhis, Tlodw. Tlrvum, L. llypnuni, L. 

SphuMninin, L. Jlartraiiiia, llcdu\ { Fontinalis, L, 

Dioranuni, Iledw. | 


1 he Mosses have thivad-like or wire-like stems, which are either simple 
or branclu'd; the Ibrnier arc civet, . . 

anil tcrmiiialc in ; the latter * 


generally creep, and pro<luce spo- 
rangrs iVom the hi I ('ml shoots. 
Tli*‘h‘aves aro.vniall and scale-like 
tliongh gr('(*n ; mostly spirally ar- 
ranged, hut in one tribe, tlu‘ //v/>o- 
pferygira. they S()ni(‘w}iat ri.‘>em- 
hle those ot‘ Jungermanniacea*. 
The leaves conc<‘rned in tlie for- 
mation 'of tlie fruit-buds {pen- 
chothd leaves) are oflmi mollified 
in form, and eonopond to the 
luacts. 'fhe aufheridla and or- 
cheyatna are produced eitlier in 
terminal buds or in the axils of 
stem-leaves, together or se]»a- 
rati ly,and often in distinct plants. 
I*'rom the nrcliegonium, the outer 
part of wbicli is a flask-shaped 
membranous sac, nri.s«‘s tin* spn- 
rauife or Mm/, wliicli in its growth 
tears away the wall of tlu' arehe- 
gonium,leaving the base as a kind 
of collar {vayifude^ fig. r). 


I* 



Or^jam/.ution of Mos'St "*; — A, Pi i^tf'ichinn ofoidfif, 

siy.t*: />, its mj'tiile, with oj>vm»h»u »» 
fifu, :uui (i/) lUiaohi'd; v, thf Unse of 

i\w Mi«, ^1i{h lh<* f. oops\il«% with 

r', » sovtiou of tla* sanu*, showing 
the i‘i>hiuu‘Uii ; J". thf ojH*i\'uhim of r; h, tevtn 
of tho^H'ristouu*, frt»ni tie* month of i, 
on the mmo soaU* of tm^Uiftmtion u« A, 


and earn ing away tin* upper ])art, which becom(\s more developed, ns a 
cap or hood (etdypirn.d ) ; tliis more or less I'licloses the um-shaped spore- 
case tinlil it is mature (fig. bV.k A); the spornngt‘ is either stalked or 
sessile ; its stalk is called the Mta. When tV cnlyptra falls off. it exjH>ses 
tlie sporauye or capsule (/>), whicli in most cas«8 has a deciduous lid (o/^cr- 
etdinn, f) ; when the lid falls off the border hf the month of the capsule 
is found either naked or furnished with a single or double fringe of teeth 
{perislonw, c,//) ; ami a circular piece, called sometimes 8epa- 

mtes from the end of the eolumma in this situation. The number of teeth 
in the peristome is either four or si>me miditipki of that mimber, as eight, 
sixlceU) &c, A striking peculiarity of* the capsule of the Mosses is Uie 
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existence of the columella, or stnlk-like process riinninp: up the centre of 
the cavity of the sporange (e'). In what are called ^Vstoiuous Mosses 
there is no deciduous operculum, and in Phtuintm tlie capsule burstvS ir- 
regularlv ; the columella is sometimes absorbed liere, whih^ the spores are 
ripening ; in AmJrrea the sporange opens by four lateral slits, tlie valves 
remaining attached at the top. The spores of the Mosses are simjjle 
double-coated cells, like pollen-grains ; tiley occur alone, and never ac- 
companied by filamentous bodies. 

The Mosses often produce gemmai or reproductive leaf-buds analogous 
to the bulbils of Phanerogamia ; they occur both on the stiuns and on the 
leaves. They form frequently also small <v>nfervoid filaments at the base 
of the stem from which gonidia-like bodies separate ; and, according to 
l>r. limxton Ilicks, zoosport^s like those of Algjo are formed from tlie 
chlorophyll-utricles of these filaments. 

Afflnities, ftc. — The characters 6f the autheri»lia and archegonia, the 
sexual reproductive organs of Mosses whicli give ri-^e tothe fruit, are noti<’ed 
above; their mode of occunvnce ont»‘rs iuttnnodem descriptions of genera 
and species. The Bri’acea\ as limited in the above diagnosis, are closely 
related to Andivcacejc and Spliagnacetc, commonly included amt>ng true 
Mosses; the former Order (‘omuMUs them with lh‘pjiti(‘!r. but the allinities 
of Sphfif/num beyond Hrvaceje are ob-cun*. 'Die .Mosses have no distinet 
affinities with any Ciy'prouamous (’lass ♦•xcept the Hepaticic. The Hrv- 
acete are numerous, and pres4^^t a tri'eat variety of structure very int*‘resting 
to mieroscopists ; they are generally ditfusecl, most common in temperate 
climates; and their chief importance, perhaps, arises from their keeping, 
with the Lichens, tht^out|)o^ts of vegt*lutio!i, at the Poles, on mountains, 
or on barren rocks. 


Order CLXIX. SPIIAGNACE.E. Bog-Mosses. 

Cln^. Musci, E/ifU. All, Muscales, Lindl, 

Dififfnostiit . — Aquatic or bog-Mnsses, of peculiar yellowish-grcim 
aspect, with spirally imbriciited (o-rowed) leaves and fasciculate bninclH’s, 
the lower of which are lung and deH«?X4Ml, while om» of the upp(‘r is. in 
fitting plants, r»‘placed by a .-'pfirange, wirti a sbo/t turbinate seta, de- 
li5|cing by an ofiereulum, destitute 4>f a p»‘ri^tome, and posse.^sing a short 
columeUa and no elaters among the spores. 

T LLUST RATI VK ( t E XV K 

Sjihagnum, Dfllen. 

Ac. — This genus differs verv' much froiu the Brrace/r in 
habit and in the structure t)f its leaies. which are w<*ll-kriowii as curious 
microscopic objects, the ohkmiphyll-bt’aring cfdls being slmider and 
elongatea, connected in a kind of network in the interstices l)4*iween large 
empty cells, whose walls are strengtlumed by a spiral fibre ; this structure 
causes the whitish or yellowish-green c«>ltmr ]wculiar to thorn and a few 
other similarly organized Mosses, In addition to the fasciculate mode of 
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bratichinpr ('really formed by siieeeaaive members of a spiral series), .the 
Sphttijna have aiitUeridin like those of Jnmjermanniaj globose stalked 
bodies, and not sessile tubnliir sacs. There app^*ars, moreover, to bo some 
p(‘culinrity in their spores, since they have b(jen observed to otcur. in some 
cases of more than the ordinary size, and fewer of them in a capsule. 
This Order is not n little remarkable for the share which it takes in 
Covering^ boos and gradually furnishing material for peat, the lower 
parts f»f the stems continiiallv dying away below while the summit 
ascends ; the d(*scf‘nding hnver branches of the fa«cicles, which appear to 
sn])j)ly the place of roots here, bind the whole into a compact mass. They 
ahfunid in cold and temperate climates in bogg^^ places, furnishing an 
article of food to animals, and even to man in northern regions. 


Ordkh CLXX. AXDR.EACEiE. Split-Mosses. 

Musci, Bnilh All Muscales, LmdL 

Ih'itfffinxin . — (hespitose Mosses, with erect stems, imbricated leaves, 
and terminal fruit, the ca]>sul(‘s destitute of a seta ('sessile on the receptacle 
wln*re the vnginule arises), bursting vertically into four valves which 
remain connected at tin* apev, possessing a central columella and spores 
not fnix<*d with elaters. 


I LI. VST tl A TI VK CtEXER A . 

Audrma, IJltr, | Acrochisma, Hook.Jil 

Afflnitieg, &C. — Aorochiama, a genus from the Antarctic reirions, has 
the valves separated only halfway d(ovn, thus connecting this Order with 
tlie 7 V/^/syvvc among the Hryacea*, in which Arvhidium^ like Andrfpa^ does 
not elevate the sporumre on a seta, hut carries up the calyptra simply by 
expausinn of the capsule; on the other hand, the 4-valved dehiscence 
ngret*s with that of the ,1 ungerm a nni ace a^, where, however, with other less 
important peonliarities, W(' havt* no columella, hut elatei's mixed with 
their spores. The species are native of moiaitaiiv*? and polar latitudes. 


Order CLXXI. JUNCrim:\IANNIACE.E. Scale-Mq^ses. 

Clem. Hepatictc, Endl All Muscales, Lindl 

540. Dioffmm . — Minute creeping plants \rith small '''green cellular 
(scale-like) leaves, iinhricaUly arranged along the axis in two rows, often 
with a row of imperfect leaves (amphiffastrin^ d) on the under- 

side : or with the stem thalloid, t. c. fonning a lobed leaf-like mass. The 
spornnges are oval capsules breaking tbrougli the summit of the calyptra, 
raised on n thread-like seta, and splitting vertically when ripe into 4 
valves, which separate more or less widely into the form of a cross (fig, 
400, n), scattering spores mixed with elaiers, destitute of a cohuneUa. 
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Illustrative Ctenera. 

Metzgeria, Badd, Frullania, Xees. Geocalvx, Noes. 

l^lasia, Trichocolea, Xees. J ungtTmannia, DiU. 


The .rimgermanniaceno (or foliaeeous lIepatic:o as they have been 
tt*nned) have slender ramified creeping stems like those of branched 
^fosses, being more delicate, with 

leaves imbricated in a distichous dfK). 


manner, so as to give a flattened 
character to the branches (fig. 
lb d). The antlkendia and archetja- 
nia are produced on these steins: and 
from the latter are dev(doped the spo- 
ratipeji^ which are surrounded at the 
base by modified pf richretud and pert- 
t/onud leaves, and by a ratjinidv (fig. 
460, B, rt), which differs from that 
of the Mosses in being the entire sai* 
of the archegoniuin, n<^ hooded ca- 



lyptra being carried up in the Jun- /s 

germanniacem. The my//? w/c is some- ^ 

times called adf/ptra. and sometimes 
epdjone : the circle of leaves, often 
confluent, surrotirniiiig it, form the 
jterigone^ perianth^ or inviduevix ami 

these are surrounded by the pertchff- Or>jani7,ati«mofJtinirr*nnanni;uM*ip:— B. / 

tud leaves, m^riehaftiam, or inrolarve, with an unoprn. *l ukI 

/ 11 1 . 1 /#, thr A, th«* h'lr-t 1 .1 

Ihe capsules ore gemTolly elevateil .%‘*por.*^ana.-lat. rH; ./.fr.v 

on thread-like stalks { aetre ), and wln'ii <**’ -»«/<# ».(»- 

mature split nearly or quite to th- ' 

base into four teetli (fig. 46f), A), 

which spread out mom <»r less and set free the.sy>f//v'.y and vhtfers ( e). 1 
coliinudla. 


AfiSnities, &c« — The genera of this Order, fonned out of the old gvrius 
Jutigermanrda^ present a cnnsidtuable variety of condifiou'^, both a?* re- 
gards their vegftutive structure, whhdi is either froudose or fuliaceoin, 
and the minute details of the organization of tlie ealgpfra (epigatte)^ with 
the involueel (perianth or perigone) and the involucre (perieheeiium) 
which .surround it. They approjurh the Mosses through Andrieaceie ; 
with which Anthoreros is .still more n» arly allieil in the p>.ssos.«<ioii of a 
columella; but wc* have here a higdier conSitioa of the vegetativ** organs, 
nearer that of Moss<f\s. The.Juiig»Tnianmaeere are found in .shady wotnls, 
and moist situations, throughout all regions of the globe, most abundant 
in damp tropical woods. /I’hey have no important qualities. 


(Anthockrotk.<e areMistingui.shed from tho froudose forms of Jun« 
gennanniace^^ by the absence of an involm‘el (perigone), Tim anthcridia 
and archegonia are pnKliiced in cavities excravated in the thalloid stem ; 
and from th^ archegoniurn springs a f hrcad-like or pod4ik»‘ canmde^ ivhich 
spHts down longitiidinallv into two valves when ripe, ana displays a 
central cdumdlu^ and haa noth spores and imperfect elaters,) 
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Order CLXXIT. MARCHANTIACE^. Liverworts. 


ClasH. Ilopaticio, Endl. AIL Muscales, Lhidl. 

541. IhiuinoHiA. — (Fi^. 4(U.) Minute gi*een plants, with a stem in the 
iorni of a lobt^d, leaf-likt^, cellular expansion, j. ofing by capillary fila- 
ineijis h(‘low, with an iiulistinct midrilj ; the sporanges depending from 
tile underside of a capitate or radiate receptinde supported on a stalk 
arising ironi tin* a])ex, on the under surface^ of the lobes of the frond; 
llie sporanges bursting by teeth or irregular fissures, containing elaters 
mixed with the spores, but no coluiiiella. 


Figatella, Itadd. 


I Ll.UST n ATI VK G EXERA. 
J*laLd«)chasnia, Lehm. I 


Marchantia, March, 
Fig. 4G1. 


The Thalbnd Ib^paticju have a broad, more 
or less succulent, lobid, leaf-iike ex])an>ion in 
plaee of stem and leaf (tig. 4(»1); this is to be 
regarded as a foliaceously developed stem analo- 
gous t<» that of Lt thjia among tin* Fhanerogamia. 

'fin* fruits borne by the thalloid forms are very 
varied : the PvUtvcc, or frondose Jungermuiiniac(*te, 
b(*ar capsules like those just desc ribed, but arising 
from tht* midribs of the thalloid stem ; the Antho- 
cr*rot<‘a*, Uicciejo, and Man‘hantiac<*io are very 
dilierent. 

The* thalloid expansion of tin* Marchantiacene 
sends up stalk-like processi's from its marginal 
sinuses (tig. 4(»1, A ), terminating in sim]>le or 
divid'd cap-shaped bodies {urcptachfi)^ on the 
underside of which are found the archvfjotn’a ^ 
tin* tudhtvidia are in distinct heads; the arche- 
gonia de\ elope mU^ xpttrautjvs lU’ capsules { 6), which 
usuall> burst at the ajiex (r» into four teeth, some- 
times into eight : in certain genera a lid s(;pai*att?s Orpt\nizaHon of Afanhanti- 
by transverse* dehiscence, and in others the spo- A. KorfAouOu po- 

range bursts irregularly ; the spornnge has ao oo/u- of iruit: 

tuclluy oinl its spores are mixed with vlaters (r/). section of th<* n'centaelt*, 

The llepaticic produce cellular bulbils or gem- 
ma*. These are especially remarkable in some of 
the tlnilloh! forms, as in \l/orc/a//#/fV/, where .they 
are developed in groups in special cup-like r^ep- 
lacles. . 

Affinities, Ac. — This Onler is especially choratderized the existence 
of a stnlio-d receptacle” bi»aring the reproductive organs, which, unlike 
the stalked sporanges (»f the allied Orders, is not a pixiduct of the arche- 
gonio, but preexists and bears these, distinct receptacles being produced 
for the antheridia. The sporaiws, with the calyntra, invulucel, &a, 
are formed in grotips from a numoer of archegonia, developed on the re- 



mhowinf' the i!j>oraiigc>8 c 
it8 undor wirfaoo; c*. 
range bursting, i^irh ita 
vaginule and iierigone laid 
o^H’n ; </, apctres and elater 
highly niagiuflcd. 
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eeptacles ; this structure distinguishes Marchantinceas at once from Jun- 
^ermanniacea?, and from the frondose Kicciacea?, which have the sporaiiges 
immersed in the frond and devoid of involucres. The Marchantiacem 
grow in damp shady situations, occurring in all climates. 

(Ricoiace^ are inconspicuous Marchatdia-Wka Liverworts, growing 
in mud or floating on water, having a delicate cellular leaf-like frond/’ 
with the sporanges, without an invohicel or involucre, iiumersetl in or 
sessile on the frond, bursting irregularly, and containing no elaters. The 
antheridia and arcliegonia are also imbtidded in the substance of the 
thalloid stem. From Anthocerottue they differ in the absenct* of a 
columella and of rudimentary elat»*rs. They are interesting as t‘xhil)iting 
the' lowest type of organization in the (Uass to wliich they belong. They 
are generally diflused, comprising S genera, with about 28 species. Genera : 
Riccuiy Micii. ] Durum f B. and Mont. ; SphurocarpuHy Mich.) 


Order CLXXIIL CHARACILE. 

Class. Algw, DndL AH. Algales, LiiuU. 

o42, Dhffnom. — \Vater-plants having verticillately bram'bed stems, 
rooting more or leSvS at the joints; the stems either .simple or witl» 

the central tube clothed by a cortical stratum of smaller tulies w)ii<'h grow 
over the inteimxies from the top and bottom and meet so ns to envelop* 
it. Reproductive organs of two kiiuls, found on the whorL of branches : — 
(1) axillary oval .'Sporangia (nueuh’s), con*iisting chi»‘fly of a central cell 
with a cortex of spirally w^uind tubes ending in a crown of teeth above; 
and (2) little globular antlu'ridia ( f/lohuIfM), sessile on the branclies, 
bursting when mature into triangular valves, the centre <»f each valve 
bearing a stalk wliencc arise micros{‘i)pic, jointed, confervoid lilaments, 
each joint of wliich gives birth to a 2-ciliate<l tilanienttuis spermatoxoid. 
The nucules fall otF, germinate, and produce new plants. 

Illt’strativk ^iE.VKRA, 

Cliara, L. I Xitclla, Ap, 

Affinities, Ike. —The tnn* relations of this very interesting group of 
plants form a subjwt of debate among botanists : as regarris the organi- 
zation of the stems, they ejo not ri-»e above the cfmdition met with in 
Pohjifphmia, or even liatrdrhmfjermum, among undoubted AlgJr. ()n tlie 
Other hand, their vegetative structure has the power of reproducing the 
plants by bulbils developed on a far higher than the ordinaiy^ 

cellular gemnve of the lower plants; furthi*r, the presence of distinctly 
formed roots growing from the* nodes seerns to show that they nre.i'eally 
Cormophyt^ in which^ possibly, the Icavtss are represented by the corti- 
cal diamen^of Chara. Trom the t^rganization of the wjproductive organa 
taken little hesitation can be felt in assoeiatii^ the Characetc 
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witli the \asoular Cryptop’amp, the spermatozoids of which are exactly 
rf'jirefsonted in the products* of the (rlolniles, while this form of the ferti- 
liziu”: structure does not exist in tlie Thallophytes ; and the nucule ” 
must be r(‘^nirded ns a rf'presentative of the nrchegonium of the Mpsses 
See. (see Pii vsiology). The ‘'row in staji^iaut water, fresh or salt; 

and many of tluun acquire a dull aspect and brittle texture by becoming 
incrusted with carbonate of linn*, apparently precipitated from calcareous 
malter in the water, siiici* it is oft(‘n deheient in cult'^ ated specimens. The 
uniucrustod kinds, the simple tubes of i\7/r////, and the young shoots gene- 
rally arc well known as objects disidaying in a beautiful manner the rota- 
tion ol the c(‘ll-sap, which takes piiice in every part of these plants. The 
abundant protnphismic cell-contents cause these plants to give olf a very 
otb n<ive oilonr when decaying. Tin* species occur all over the worki, 
most commonly in temp<*rate climab'S. idiey have no known uses, and are 
regarded as noxious from their smell when undergoing decompovsition. 


Prvrsifix JI. OymnosporsB (ThaUophyta). 

Crypt ogamous jdants prod\iciiig in vegetation a thallus, pre- 
senting no o]»j)osition of ascending and descending axis, or contrast 
of stem and bvif; aiitlierozoids never s])iral ; reproduced by spores 
which arc produced in ]>arcnt cells, either forming part of the vege- 
tating thallus or growing ujxm tb(‘ surface of detinite regions of the 
tlialhis dt*voted to rej>rodu( tion. S]>ores not producing a prothallus, 
but re[»roducing the plant innm diatcly. 

These jjdants enrrespmd to the Tballogeiis of most authors; their prin- 
cipal points of distinction from AiiL’ictsporous Cryptogams are above 
given. The vegetativt‘ >tructnn*< of the plants of this gavmp, which form 
their prim-ipal bond nf eonn<'\ion (uie with another, and their most 
<tiiking cliaraeter of diNtinctiou from the liigher plants, present a great 
vari(‘ty of conditions within their own limits. The ihaUu.s is a purely 
cellular expan‘'ion, prestmting no contrast of parts analogous to that 
hetwet'ii the axis (stein) and the appendages (leaves and their inodilica- 
tions). whiidi exists in the higher plant>; hence they are necessarily 
devoid of true buds. A special regularity, however, and a determinate 
direction of groxvth are manifested more or less clearly in all cases, giving 
deiiniti' and characteristic forms to the tha/hifi. This is the case even 
when the thallns is redmu'd to the condition\(>f microscopic lilainents, 
wliich elongat(‘ and sprtwl in determinate directums. 

The ihtillm is exclu>ively compesed of cellular tissue; and its more 
minute dirterenct's in the various cli>>ses and families of this division of 
the Vi^getable King<lom nHjuire mieroscopic investigation; hut certain 
broad disiinctions may he laid down, sulFieieut fot the genei-al discrimi- 
nation of the cla.«ses in the more perfect forms. The lo\\*er forms of the 
three cliiss«*s of 'riiallophyta approach very closely iu their characters, on 
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account of their great simplicity of organization,, which excludes the 
possibility of many dilTerential cHaracters. 


Fig. 402. 



A3g«.-~A. OficiUaforia au/tpnnaliJii: a, fliamont esc»|MMl from the* ahrath. h (mapi, 

met«*ra). B, Dej*midiete : «, Pedonffruin JPtrjfH nu /tt i ft, Co^muritnn marffaritf/t^rum (2(k) 
diara.); v, Clo$feriiim Lunufa (.’tOdiam.); rf, Clonterium aceroftnm in ronjumition, ivith ih*; 
TtfSulting Hpore (200 diain.)* C. iJiatornarem : iJiohmti euhjnre', ft, end of a 
(200diam,). D. Volcoeinea: Pando^rnta Aim (\W ditim.). E. Botrydium granulatum 
(15 diazu.). 


Class I. HYDROFHYTA or ALGjFI. 

544, GjTnnosporoiis Cryptogams living in water or in damp places 
exposed to tho light, extremely variable in size, form, colour, and 
texture, free or attached by root-like organs, sometimes unicellular, at 
other times having a branched pseudo-stem and leaf-like appendages, 
sometimes of large size^ but exclusively cellular in structure and 
destitute of stomata. /Plants multiplied by subdivision of cells or 
by the formation of zoospores.” Reproduction or formation of 
spores effected by the antherozoids emitted from tho antheridia 
and sporanges, either on the same plant (monoecious) or on different 
ones (d&cious). Spores motionless, solitary, or in groups of four 
in a sio^d sporange. 

The most famifiar examples of t^his Class are the Seaweeds \ but it also 
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includes a pn*eat number of plants found in fresh wafer and in damp situ- 
ations, many of which are tdtoj^ether of microscopic dimensions, and in- 
visible, except ill quantity, to the naked eye. 

The lowest forihs, the PaimeUecCj consist of simple cells, of most varied 
shapcwS, usually found connected together in definite or indefinite masses 
bv gelatinous excretion or products of the decomposition of the older 
cells (fig. 40^1, 15, a). The individual cells, each often representing a dis- 
tinct plant, are characterized by a Avonderfnl •bver.sity and, in "certain 
families, hcmuty of form, as in the Des?m(?u>i:b and Diafpinacea* (ffg. 4d2, 13, 

C) ; sometimes, as in the Volvocineie, they are provided with vibratile 
cilia, and t*xliibit an active spontaneous motion (fig. 462, 1)). As a rule 
their colour is green, an important exception to this being formed by the 
Diotumacerry which liave another special peculiaritj^in the existence of a 
silic(H)Us deposit in their Wall.s, which remains as an indestructible skeleton 
after the dei'.ay of the organic matter of the plants. Some of these lower 
Alg:e are found of red colour; hut in many cases* at least, this colour is 
only characti'ristic of certain stages of growth of kinds which are green 
^hen vegetating aotiv(‘ly. It is very probable that most of these so-called , 
unicellular or pseiido-unierdlular Algm are really not independent organ- 
isms, but stages of growth of some other plant, perhaps of much higher 
structure. Thus then* is reason to think that tliese unicellular bodies 
may not only be stages in the development of Lichens, but even of Mosses 
(see ]). 422). One i cmarkable point in their history is the length of time 
they will pei*sist unchangt d ; but under altered circumstances it would 
appear as if they were de\ eloped int(i iJcheiis or Mosses. ^ 

A step forward in complexity' of organization is made in the filamentous 
Algjc, composed of cylindrical cells attached end to end, and thus forming 
long jointed tub(*s, either simple or more or less branched (tig. 405, A, C); 
the (.’’onfervoidejo and their allies, the “ silk-weeds*’ of fresliwater pools, 
afford familiar examples of this struct uro ; these grow at the extremity of 
the filaments, or interstitially by all the joiut.s elongating simultaneously. 

The riirce have a thallus where growth in breadth is added to that in 
length ; somt* of them nlsf> ac(pure a certain thickness; in this >vay they 
become lcaf-lik(‘ expansions, ot membranous U^xture. They grow by ad- 
» ditions all round the margin of the anterior part, often lobed or divided, 
but of homogeneous tissue thruugliout: the form and dimensions of the 
thallus become more or less definite hei*e ; the colour is mostly green, as 
in the Confcrvoidecc. 

Th(^ Ked S(‘aweeds or Hhodospermem exhibit almost every pos^sible 
fonu botw'een that of the branched filamentous thallus and that of a highly 
compound or dissected loaf (tig. A), or a shrub-like collection of firm 
branches; and moreover the texture of the Ihalliw varies from a simply 
membranous to a eartilngiuous or even homy substance, caused by greater 
development of the cellular ti.ssue, which in the higlier kinds exhibits a 
distinction between the cortical or epidermal Ijay’hr and the iutennil spongy 
partmehyma. The (kiralliues, which Ixdoiig to this group, acquire a stony 
character from the deposition of oarbonatfe of lime in their cellular tissue. 
The colours vary in this Order; they are red, purple, browm, olive, &c., 
but never pure ^een, like the Confervoids. 

The Olive-coloured Seaweeds, including the Fucacem (of w^hich the 
Bladder- wrack” is the commonest example), and others of very different 
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organization, the Phajosporem and Dictyotacefo, e^^hibit a similar grada- 
tion of form in the thalliis. Tlie lower forms of Phaeosporefo pri'sent 
tufts of branched lilaments ; the higher forms of these, and the Fueaceie, 
have thick leaf-like or stem-like fronds of firm texture and sometimes 
enormous dimensions ; many of them have a shrubby liabit of growth, 
and attach themselves to stones by discoid or bmnclied expansions 
from the base, resembling superticially the roots of the higher plants, but 
having no similar function or anatomical character. The thatlus of the 
lai'ger forms is highly developed as to its tissues, having a distinct cortical 
layer; but the structure is strictly cellular, without a trace of woody tibre 
or vascular elements. The colour is here usually olive, brown, or" some 
dull tint of green-brown ; never bright green, as in the Conftu-voids. 

The reproduction of the Alg«a3 takes phx*e in an almost intiiiite diversity 
of modes, which can only be treated of very generally here, as many of 
them involve the necessity of a thorough knowledge of the elementary 
structure of plants. These matters will be again referred to in the l*hy- 
siological part of this work. . 

Vegetative i*eproduction assumes a veiy impoitant place in the multi- 
plication of all Thallophyta. Throughout the Algfe it is a constant phe- 
nomenon, and one illustrating very beautifully the physiological homo- 
geneity of the thallus. 

The* lowest forms multiply by dividing into a number of cells or gi’ains 
which grow up to the dimensions of the parent ; this occurs as the ordi- 
nary mode of growth, here confounded witii reproduction, in the Palmel/ece 
(tig. 4(J5, J3, (If h), DesmuUeoif Diatomarece ( tig. 4()2), &c. 

In some of the unicellular Algie, as also in the Corift^rvoidea}, a process 
called “conjugation'^ occurs, which is bv some considered a sexual pro- 
cess, while others look on it as a mere torm of bud-gi*owth. Two cells 
come into proximity, a communication is established from one to the 
other, the contents of the one mingle with those of the other, and form a 
spore (fig. 402, B, d). 

But another still more remarkable form of vegetative reproduction 
extends from these up to the highest Algie, namely the reprt)duction by 
zoospores. This consists in the conversion of the semifluid contents of 
individual cells (the endochrome) into distinct corpuscles, and the ex- ' 
pulsion of these from the thallus by the bursting of the parent celi-mem- 
brane (fig. 40o, C, f/) ; these corpuscles are filled with green or olive- 
coloured matter, except at one end, which i> provided with cilia and is 
sometimes spoken of as the “ rostrum.” The cilia are exccssivtdy minute, 
and vary in number in different genera; sometimes the whole surface 
of the zoospore is covered by them. These zoosport*s are usually emitted 
at a fixed hour in the mofning, as the tesult of an endosmotic action which 
causes the cell- wall to burst ahd set free the zoospores ; sometimes before 
tbeir liberation they are seen to congi-egate in one portion of the cell, and, 
as it were, to strike agaiSist the cell-wall and caase its rupture. Their 
activity seems to be dir&ctly depemdent on the influence of light. After 
moving spontaneously for some time, the zoospores lose their cilia, become 
encysted, and grow up into new thalli. In some Algae, moreover, there 
are two sorts of zoospores — ^large ones, called macrogimulia, and smaller 
ones, called microgomdia. Pringsheim even describes a form of zoospore 
wbicb has the faculty of remaining dormant for long periods, and even of 
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resistin'^ desiccation for several months, at the expiration of which time, 
if circumstances be lavourable, it germinates and forms a new plant. To 
such zoospores the name of chrmizooq)ore has been given. The forma- 
tion of zoospores may take place in any or all of the cells of the thallus 
of the lilameiitous and foliaceous confervoid ; it occura in certain definite 
parts of the thallus of the Plix*osporeie, wliere there is a diflerence in the 
constituent tissues. It has not oeen observed in the lied Seiiweeds or 
tlii^ Dictyotacea* — where, however, a distinct kind of organ is found, 
called a Uiranpore (lig. 40.i, B, c), which appears to be the representative 
of gemniiparous reproduction, — nor in Fucacea}, where the only known 
kind of reproduction is by sexual organs. 

Sexual reproduction has Ix^en made out clearly in Algoe belonging to 
the (k)nfervoid and Fiicaceous groups, and recently in the lihodospermeae. 
The Ph.Tosporeje at present are only known to produce zootiporcH. The 
essential phenomenon throughout is the emission from an antheridium 
of antlierozoids which are endowed with a power of locomotion, and 
liltimately come into contact with a cell, which, in consequence, develops 
into a spore, which may be one of the ordinary cells of the thallus set 
apart for this purpose, or may be contained in a special fruit. 

In the Conlervoidem, whert^ the spores are developed from ordinary 
cells, there are no special reproductive organs ; the spores formed in the 
impregnated cells acquire thick coals (lig. 405, A, c, f/), usually assume a 
rt}u or brown colour, and are set free by tlie decay of the parent cell. 

In the Fucacea) the fructiticalion is limited to definite parts of the 
thallus. Ill Fucm or Ilah'dn/a (fig. 404), which may bti taken as ex- 
amples, the reproductive structun‘s are formed at the ends of the lobes 
of the thallus. Externally the lobe (called tlie rec(ptacle) presents a 
thickened appearanc(‘, marked with numerous distinct orifices (fig. 404, a); 
these onlioes lead to eliamlxTs imbeihh‘d iu the thickness of the thallus 
(called (VNcepUu:h\% />), lx*aring on their walls cellular sacs of two kinds — 
one, the larger {spore-fiacs, c), containing the spore-germs, the smaller 
{anthvrkUn^ c) containing apvntudozokh {<!) or impregnating corpuscles; 
both kinds of sac burst and dischiu'ge their contents when ripe, and the 
spores are fertilized and encysted while swimming freely in the water. 

The Uhudospermefe and Dictvotacete, besides Utraspores, baVe spore- 
sacs and antheridia, mostly collected in fruits ” of definite form, some- 
times ill patches or lines {son \ on the surface of the thallus, like the son 
of Ferns, sometimes imbedded in definite groups iu its substance (called 
favdhc), sometimes projecting more or less from the surface or margins 
of the thallus (tig. 4i>ii, J), f/, E), when they ai*e naked or surrounded by 
a gelatinous or cup-like involucre ( favdiuliay coccidia, ceramidia). The 
afidtiTidia are usually found arran^d iu groups in similar situations 
(fig. 408, F, flf); and the tetraspores are either scattered or collected in 
fruits analogous to those containing the spor^ and antlieridia (lig. 408, 
B, c). The antherozoids are immobile, and Sertilize the sporaiige by 
means of a special tube projecting from the laiJter and called the tricho’- 
ypne. Transformed branches containing imbedded tetraspores are called 
siichidia. The sexual organs are often fomid on distinct phmts, which are 
thus dioecious. 

Further details respecting the reproduction are reserved for the Phy- 
siological portion of tnis work. The definite characters of the Orders of 
Algm are subjoined. 
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545. HaiTcy divided the Algae into 3 groups, which ho named, 
respectively, Chlorospermca) or green -s2><>rod Algje, Melanos 2 >erniea) 
or olivo-spored Algie, and llhodospermea) or red-spored seaweeds, 
the subdivisions being thus founded mainly on the colour of tlie 
spores. Decaisne's classiticatiou nearly coincides with that of 
Harvey, so far as the limitation of the group is concerned ; but it is 
formed on a more i)hilosophical basis. As moditied by Thuret, it 
stands thus: — Zoosporem, with moveable spores; Aplosporeie, witli 
green or brown motionless spores ; Choristosporeie, with red motion- 
less spores develo 2 )cd in fours. 


Order CLXXIV. RHODOSPERilE/E or FLORIDE.E. 
Red Seaweeds. 

Alga?, E/tdL All, Algalcs, Jjifid/, 

546. Diwjnosis. — (Fig. 463.) ^farine .Vlga?, mostly of red, purple, 
rarely olive or brownish colour, with a thallus either foliaceous <»r 
of branched filaments, sometimes incrusted with carbonate of lime, 
licjwoduced by spores (e) formed in special sporangia, whieli ar<* 

Fig. m. 



OrgiCtoization of Rhodoftp***™*’** — \ Part of a thallus or frond of Lnur^iein j)inn«iijlda 
B. A magnified of a l<mule with atichidia containing tf'tra 0 )>orca liltc o, a nior« 

magnified figure. D. Lobule of the frond b<*aring ceraraidia or 8|>ore-w>n<*»'i>ttud«*» : </, the 
* eporea. sTsporea firom the same, more magnified. F. Lobule of a frond bearing anthe- 
nobKo. 



aTMN08P0Tl3. 


433 


oithor Ruporficial or plunged in the frond, and contained within 
H}>ocial cavities or ‘^coneeptacles” (n) of varied form. The sporange 
is provided with a special tube, or “ truliogijne^'* by means of which 
it is fortiliz(Hl by the antherozoid ; accompanied hy antkeridia (p), 
containing a single motionless antherozoid without cilia, and by tetra- 
sporfs (b, c), collections of 4 cells formed in si)ecial parent cells in 
similar situations to those of the spores. 


Illustrative Genera. 


Subord. 1. I1iioi)Omele-e. 
Uhodomela, 
P()lvsi])houia, 

Subord. 2. Laurencieje. 
l^aurencia, Linux. 
(/liylocludia, (trev. 
Subord. •}. C()r.ai4.inkj 2. 
('orallina, Taarnef. 
3It*lobe>ia, Lamx. 
Subord. 4, Delksseuie^e. 
Dclesseria, Lanix. 
Plocamium, (irev. 


Subord. 5. Spii.erococcejs. 
Plocaria, Xce.s. 
Spluerococcus, Grev. 
Subord. (>. ('nYPTONEMIEJE. 
Phyllophora, Grev. 
Ohoiidrus, Grow 
Subord. 7. Ceramieje. 
(’allithaiunion, Lynyh. 
(Tritlithsia, Ayh. 
C(‘ramiiiiii, Adans. 
Subord. 8. PORPIIYRE-E. 
I’orphyra, Ayh, 


Affinities. — In spite of the varieties of form presented in tins Order, 
there is so close an ess<‘nlial agreement in their organization that they 
di>tiii<*tly appear as meinhers ot* one natural group, with characters whose 
value is mily equivaleiil to that of some of the subdivisions of the groups 
Fueoidea* ami C’ontbrvoideaj of Harvey ami others, with which they are 
iLsiially placed parallel. The character of the spores seems to^he the same 
throughout, although the fruits in which they are contained otfer several 
successive degrees of complexity : \\\r farolUo of Coramitxo^ and Ihc /wrc/- 
lldia ol' Vrypti)nrmiva\ immersed or superticial gri)ups of spores surrounded 
by a hyaline coat — the coccidia of IhlomTuco,, hollow cases with thick 
mt'm))ranous walls, containing a dense tuft of spores arising from a 
central peduncle — and tlie vtramidia of Polysiphon ia \'c., ovate or uni- 
sUaped Ciuses with thin and membi-anous walls, having a tuft of spores at 
the base— all those are but slight modilieations of one (the concept acular) 
kind of fruit, which produces the true spores. The various modes of 
arrangement of tin? Udrasporesy wWcIi appear from Pringsheim’s observa- 
tions to bf' yonidia, or geimnularv botlies, since they grow up at once into 
a new thallus, while the other spore.s do not, the scattei'ed arrangement, 
the son or detinite groups, and the stichidia or metamorphosed bmnehes 
enclosing tetnispores, have a like relation ; and*an analogous relation runs 
through the modes of ariungement of the ant^x'idia, which, it may be 
mentioned, are rarely found in the same individuals of the species as the 
aporoA. The autheridia discharge minute spherical coi-puscles, to which 
tfie best observei’s deny the power of active motion, as is the case in 
regard to the spermntia of Lichens and Fi|ngi ; but they are generally 
supposed to have a fertilizing function (see Physiology/. The simpler 
forms of thallus occurring in tliis Order relate it to Uiveanmd Con/ervotaetef 

. U 
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while the existence of tetraspores, globular spores, and antheridia in the 
Dictyotaceie makes that Omer form a direct transition to the Fucaci*te. 
The mode of fertilization, by means of the aiitherozoids, and the tricho- 
gyne, is described under the head of It eprod action. 

Distribution. — The Ited Seaweeds are generally difl'used, but diminish 
froui warm temperate latitudes both to the equator and the poles. They 
occur in deeper wat(*r than the Olivo Seaweeds, and below tide-marks, 
nourishing Ix^st in quiet buys. 

Qualities' and Uses. — The abundant gelatinous or horny substance of 
the thallus of many kinds, composed of a moilitication of cellulost* relatt'd 
to gum and vstarch. renders them nutritious: Chomlrm cnapu^ is the 
‘‘ Cari'ageeii " or Irish 3Ioss ; Hhothimaua palmatn^ Iridad eduUsy ami other 
plants of the Order yield a similar excellent jelly when boiled. Vlocaria 
tcHtu' is largely used by tlio Cliinest‘ for making glue. Some have pun- 
gent qualities, as Laureucia pinnatijidity called “ Pepper-dulse.” Plovaria 
llelminihoikiHoUy Corsican Moss, has the reputation of being anthel- 
mintic. The CoraUitiCit, including ctunnion (’oralliues {CoraUina oflici- 
nalU) and “ Nullipores long supposed to be of aniiual 
nature, are very curious on account of their compleie interpenetration by 
cai'bonate of lime, giving them a britth' and sormdiiuos stony character. 

(Dictyotace.e are olive-coloured Seaweeds with a continuous thallus, 
bearing the reproductive organs in delinite groups or lines (stfri) upon 
the surface — the spores, tetra>pores, and antheridia being all developed 
in an analogous manner from the <‘orticul layer, bursting through its 
cuticular pellicle. 'Hiis small Order is included by Decaisne in tlu^ 
Section Laminnrieie of the Tribe Aplosporete, hut has been shown hv 
Thuret to be quite distinct from the other Olive-coloured Seawe(‘ds; it is 
very interesting as presenting, in a special condition, exactly similar 
spores, tetraspores, and antheridia to tho^e* of the Khodosperinea*, whicli 
they thus connect with the Fucacea', with which they agree in habit and 
were furmerly combined. They bOoiig ratio r to warmer localities, and 
are more delicate than tlie Fucaceie, siuuetimes, as in PaduiUy exhibiting 
atti active colours. They are of no known use. (Jeiiera : Vu fpnfay Lainx. ; 
JJicfyojdi'riSj Lamx. ; Taonia, J,Ayh.'y Padina, Adatts,) 


Order CLXXY. FUCACE.E. Sea.Wkack.s. 

Ciasjt. Algje, iJndi. All. Algales, LindL 

547. Diaynom. — (Fig. 4G4.) Olive-coloured Seaweeds of gelati- 
nous, cartilaginous, or hpriiy texture, with a foliaceous or shrub-like 
or cord-like thallus, at^ching itself to rocks by a simple or lohed 
and ramified discoid himc ; fnictitication in recepUu Its fonned out of 
lobes of the fronds {a), the external surface of which is pierced with 
orifices leading to chambers {conceptacle.% h) lined with filaments 
intis^xed with spore-sacs (e) or filamentous antheridia (c), or both 
of Hiesei the olive-coloured spores 4 or B in a sjiore-sac, ifrom which 
tfa 62 r when mature, and are fertilized by the active 2-ciliated 
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corpuscular spermatozoids (d) after 
they are detached from the parent. 

lLLI\STnATlVE GkXERA. 

Sar<yassuiii, litnnph. 

Cvstoseirn, Ayh. 

I tal idr vs, Lynyh. 

Ilimanthalia, Lynyh. 

IVcnophyciis, Kiitz, 

Fuciis, X. 

Afflnitios. — Some of th(* filaments lining 
the concejitacles become, after a time, 
swollen, and are filled bv brownish mat- 
ter ; this brown matter is (bn eloped into 
1^, 4, or S sport's, which (‘Scape from a 
small orifice at the a^ex of tln^ concep- 
tacle, t lire. ugh which also subsequently 
pass tlu‘ tufts of sterih* hairs which do 
not undergo metamorphosis into spores. 
Sometimes the antheridia are present in 
the same eonceptacle> as the sporanges; 
or tlu'V are borne on a st paratt‘ ]dant 
(di(eeiuus). Tin* antberidia consist of 
ovoid cells, some on braiiclied tbr(*ads 
and containing a whitish mass, intcr- 
sptu’x'd tbrongliout wbieli art' a iiuiiiIht 
of red granules. The nntberitlia are 
ejected Ibrough the orifice of the ooncep- 
tacle, and themst'lves give exit to nume- 
rous aiitbcrozoids, ('neb pntvided with a 


Fig, 4C4. 



Orjjnnizntion of Fucacoa':— A. Halidry* 
fnhqvo/ia, hiilf the niU. «i. |h><U or 
rcotpiacli's; ft. section throiijfh rccep- 

tru'li', nh<)Wj!)^ th»> Dioiuti of u conct'p- 
larlf, tiu* latiity of which is lined In- 
anihcritiia ,<• vrovtuciu^ spormutozoi^s 
(</), und by Hi>orc-s;kcs O’b 


(H)uplt‘ of extremely fine cilia, and containing a rtal granule. According 
to our pres(‘nt knowledge tlie Fucaca'a* arc strikingly separated from the 
other ( Hive Seaweeds — from the Dictyotacea' hy the absence of tetrastwes 
and by the cbarach'r of their antheridia, ami from the IHnet^sporoa' bvthe 
absence of the reproductive zoospores and hy other points of organization. 
Tlu'V anpear to he allied to the (’onfervoid forms, through Plneosporea', 
more closely than to Khodospermem ; hut their reproductive organs are 
formed on a higlu'r type. 

Distribution. — Universal : especially found on rocks between tide-marks, 
or, if growing in deeper water, buoyed up to the surface by vesicular 
floats ; very large in llie Soutlu'ru ()(*eaii. 


Qualities and Uses. — The gelatinous substaiu^ of which the tlialliis 
composed renders sonu^ of these plants availabli as food for man or ani- 
mals where better productions are scarce ; but ftieiv chief value is as a 
source of iodine, extracted from the ** kelp or ixslies, which were for- 
merly an important source of soda also. The are also largely used 
for manure in maritime IcxMilities. Sarya^sHm hacciferum form^ :flie 
celebrated masses of ** Gulf-weed” in the Atlantic Ocean. Focus 
culosuSf the common Bladder-wrack, grows everywhere on our coMt 
between tide-marks. 


V 2 
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Order CLXXVI. PH.EOSPORE^. Olive Seaweeds. 

Class. Alg®, JCadl. All. Algales, Lindl. 

548. 2)ifl(7nos/i?.— Olive-coloured or brown Seaweeds with a foli- 
aceous, shrubby, or branched filamentous thallus ; reproduced by roo- 
spores, haying two cilia, one directed forwards, the other backwards, 
formed in clavate cells or multicellular filaments, collected in more 
or less definite groups on the cortical layer of the thallus of the 
larger kinds, in lateral tufts or terminal on the branched filamentous 
kinds. 

iLLUSTUATn’E GeNERA. 

Chorda, Stackh. Punctaria, Orrv. EctocaiTpns, L)fm/h. 

Laminaria, Lamx. Desniave’^tia, Lnmx. Myiitmema, G/vr. 

Piety osiplion, Grev. 3Iyriotricliia, llarv. Leathesia, Grai/. 

Affinities. — This group corresponds to the tribe Laminnriea^ of lh<‘ 
group Aplospoivje of Pecaisne. 'the genera included in this Order with 
highly develi'ped thallus approximate to the Fucncea', with which they 
are sometimes associated; but it has been discovered by Thurot that tin* 
so-called “spores” are sacs producing zoospores, which gtoaninate and 
produce new plants like those of ( ’onfervoids ; they are distinguished, 
noxvever, from the 20 <»>p(>res of tliat group by the arntngeinenl of the 
cilia, which are here two in number, tinequal in size, and take reverse 
directions as thev leave the lx>dy of the zoospore, resembling, in fact, the 
form exhibited in the spcnnatoztuds of Fucf/s. The size and number of 
the zoospores are not constantly tiie same in the .same plant ; and in dif- 
ferent cases the organs producing the Zi)ospore3 are large clavate sacs or 
chambered filaments, the nunilarr of zoo-spores in a cell being either de- 
finite or indefinitely great, on account of more advanced segmentation of 
the contents. The mode of reproduction ami the foims of the thallus in 
such genera as Ectovarims kn. bring this Order very nt^ar to tht^ (k>n- 
fen'oiderc. Much obscurity still prt‘\ailM In^e, since antlieridia ciM'xist 
with reproduction by zoospores in Ctdlrria. and appear to exist in ^plui- 
celaria and Cladostiphns^ which also reproiiin'e by zoospores. 

Distribution, Qualities, &c. — Mm-h the same as in FucAcem. Laminaria 
digitida mccharina eaten (under the name of Tangle) on the coasts 
of the north of Europe, as also is AJaria cscuUmta. 


* Order CLXXVII. CONFERVOIDE/E. Silk-weeds. 

Class. ^Vlgse, Endl. AIL Algales, Lindl. 

549. Diagnosis. — (Fig. 405.) Plants with a filamentous, incm- 
branouB, gelatinous, or pulverulent thallus, growing in fresh or 
salt water, or on moist sub.stances, of a bright green or, more rarely 
(often temporarily), red colour, repruduceti by zoospores discharged 
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from the ordinary cells of the thallus (A, d), or by spores formed in 
these cells after impregnation by combination of the contents of 
two cells, cither by conjugation (C, c), or by the transference of 
sperm atozoids into the parent cell of the spore, the spores (C, d) 
passing through a stage of rest before germination. 


Fig. 4Co. 



Ortfanizntion of Confrrvoia Algfe:— A. Filaments of Vro/zyrn griinina'. a.in natural condition 
TO tlianjotiTM^ ; h, two filaments eonjuj^atinfi ; c. a si'ore formed in one cell from 
the mixed contents; d, a free s|>ore; e, the wnne germinating. B. ^rotoroocu* viruU* 
(null'll. 20** diameters) : a, ti group of cells cohering bv^ell y-Hke majlter ; 6, forined 


Illustrative Genera. 


Codium, Stackh, 
Bryopsis, Lanu\ 
Vaiichma, DC. 
Botrydiiim, WaUr, 
Drapanialdia, Bory, 
CEdogoniuHL Liiik, 
Spirogyra, Link 
^haeroplea, Agk 
Cfoleochaete, Br^h, 


Tlj^drodictyon, Roth, 
VtvHj Ayk 
TeiVaspora, Dec, 
Nostoc, Vauch, 
Botrydina, Brih, 
Clathrocystis, Henf, 
Palmclla, Ayh, 
^Achlyti, Ne€$,) 
(Chytridiuni, Al Br, 
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AfBnftfeA— The specialities of the \ery multiform group represented hv 
the above list of genera rflri st'anvly Im dealt with in a work like the 
present ; and, in fact, our kiiowledjre c»f the essential trharactei*s of tlie platits 
13 at the present timt‘ uinleriroinjj: a thoroujrh reconstruction. In the (leliiii- 
tion of tile pToiip of Coufervoids here, the Os(!ilhitoriaoe{e and the other /W7*- 
manenthf aetivt^ forms are excluded. The Oscillatorincea' are orjranized in 
a vel|^ dirtenmt way from the true Conh'rvoids, while till lately it has 
been doubted whetlier Diitfomnccfe, DcsmithWe, and, above all, Volvocineio 
are even ve^^etables at all. The Confervoids proper are mostly very 
simple cellular orsranishis, with chlorophyll and starch in the cells while 
they are actively veir»'tatinLr; the majority dischar^t* the cell-contents in 
the shape of one or many active zoospon^s, with 2 or more cilia at a beak- 
like .extremity, or with cilia all over the surfaci* ( Vaiu herin) : besides 
which proc€*ss, sexual reproduction has betm observed in Zf/(;nema by con- 
in (Edoffonium, SpJueroplen^ Vaff hvria^ Ihilhoehrctv^ ke. by sper- 
matozoids deriverl from one cell enterinjr the cavity of the parent cell of 
the spore; and in all probability this will be found ^reivTal. Tin* nn>de of 
fertilization will be found described under the head of Physiolo^jfv of Ue- 
production. The spores fornvd after ftTtilization be(*ome encysted in a 
firm coat, thrown otf in ^Termination, which commonly ensue.s only after 
a lonsr interval. The PalmcUcfC are forms not yef well explained, composed 
of solitary cell.s iml)edded in a common mucus ; they apjrear to stand at 
the lowest point of orirauizution in the VeL''»‘taWle Kiiiirdom, if they be not, 
like the Yeast Plant and .similar c aiditions of Fulled, sta^o*s of growth 
of higher fonns. 

The genera above grouped by Professor Henfrey under th(3 head of 
Ponfervoidea^ are more naluraliy grouped hv Decaisne under several 
distinct .section.s of varying degrees of importance as follows : — 

1. Cofifrrrre, comprising plants con^i-^ting of tubes or cells containing 
ovoid spores provided with 2-4 vibratile cilia. 

2. EtiicidluJan .'*. Plants consi.sting of a .single cell producing numerous 
ciliated .spores. 

3. (EAuijmiere. Filanientou.s Algjie, producing .spores cither by the ag- 
gregation of the green colouring-matter of the cell into a spheroidal nuiss, 
which escapes from tlie parent cell by a .special aperture m its wall, and 
is then seen to be provided with a crown of vibratih* cilia, or as the i't^sult 
of sexual agency. The aritheridia con.si.st of filaments, each cell of which 
contain.s 1 or 2 .spermatozoids, which escape by the lifting of a lid-liko 
.valve of the cell- wall and fertilize the .spore as above stated, 

4. Vnii^herwiT. Unicellular Algfe, producing two kind.s of reproductive 
organs — the one resulting from the concentration of the green matter at 
the extremity he filaments into an oval active* spore covered with cilia, 
the other formed as a result of sexual agency. The antheridia appear in 
the form of small horns ]4fwed in the proximity of ovoid sporangia. Thesis 
antheridia contain numejpus e.xtreinely minute spermatozoids, which es- 
caping fertilize the sporangium and determine the formation of a spore, 
which does not germinate immediately, but only after the lapse of some 
time. 

5. SaproUpniecB. A group of imperfectly known Algae, resembling the 
Vaucherias in their structure, presenting rounded, moveable, ciliated zoo- 
S|)orek andalsoAntheridial filaments, fertilizing certain spherical sporangia. 
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Those plants arc, by T)e Bary, re;rarded as belonging to Fungi, having 
similar powers of decomposing carbonic acid, and or living on organic 
matter, such as the bodies of Hies or even of Hsh. They will be further 
alliuhal to under the head of Fungi. 

d. Sj/nspnrf>rf or Conjutjnfca, Filamentous or unicellular Algre, re’pro- 
ductMl by the urocess of con jugation. This group comprises the Desmidiete, 
of which further notice? will be found hereafter. 

7. J)iati)muvv(e. These are also alluded to in t]o* following pages. 

Distribution, Qualities, &c. — Met with universally in fresh and brackish 
water, some genera also on sea-coasts, growing on rocks, large Algjc, &c. 
Some of them occasionally appear sudibmiy in vast rpiantity, colouring 
lakes gre(m ; or, as in the ca^ie of Pabndla nivnftx^ giving rise to the ])he- 
nomeiioii called ^‘Jled Snow.” PaJmeUa entottfa often forms large patches 
of substance like half-coagulated bhuKl on damp stones and rocks. The 
green slimy matter of stagnant pools is mostly composed of interwoven 
niii'ises of tilaiuiuitous C^uifervoid-*, which ])r("jent most beautiful and 
varicil forms under the microscope, lira ( mariiK* ) produces large mcni- 
branniis fronds, whicli are sometimes eaten under the name of (ireen 
Laver. 


(( )sr I LKAToUT A Micro'icopic (ilamentous structures, usually col- 
lected into patcln‘< of d'‘ftni.e or iiidelinite fr)rm, t^xtendinij by peripheral 
growth, ooinpo<c I o\' continuous tubular shoatlis onclo.-iiig a green or 
brown gelatinous matter marked by transverse striie, where tiie substance 
is divid<‘(l into series of longer or sinuMer pieces, oftiei escaping from the 
tube, ultimately resolv(?d in reproduction into discoid fragments, which, 
when free, beconitj irlobular. The gelatinous ‘‘core.” the vital ])artof the 
stiMicture, is capable (tf a p<‘culiar movement, which causes the free por- 
tions or extremities of tlie tilameiits to vibrate* like a pendulum, or with a 
slightly vermiform oxcHlatiou, whence the name of the Order. Keproduc- 
tion by spores unknown. Our knowledire of the essential characters of 
tliis Order is verv i imperfect ; and the only nnnle of reprodiu'tion known is 
by simph' division ot the central substance of the tilameuts, the portions 
slitting out of the ends of tin* sheaths and secreting a new coat of their 
own. d’heir peculiar o.scillatiug motion is one of the marvels of Vegetable 
Fhy.siology : th(*y appear to be totally destitute of cilia. Their move- 
meiits, and tin* nature of tlieir cvmtral .substance (apparently devoid of 
starch, and cohum?d by dilFerent matters besides clilorophylT), seem to 
indicatf* a relation between Os(‘illntoriacem and which would 

connect the latter with Conf(*rvoids. They ()cc*nr in watf’r, fresli and salt, 
and on damp (*arth, everywhere, (lenera: (hdiiafonoy Bose; Micros 
colensj Desinaz. ,* Calothrijr^ Agh. ; Hivtdaria, Both.) 

Ordur CLXXVIll. diatO^:mace.e. 

Cbm, Algro, EndL All, Algales, LimlL 

550. Dloffnosis, — (Fig. 402, B, G, page 428.) Microscopic unicel- 
lular plants, occurring isolated or in groups of definite form, usually 
surrounded by a gelatinous investment, the cells exhibiting more 
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or less regular geometrical outlines, and enclosed by a membrane 
striated or granular, either simply tough and continuous, or im- 
pregnated with silex and separable into valves, lieproduction by 
spores formed jifter conjugation of the cells (d), by zoospores formed 
from the cell-contents, and by division. 


Illustrative Genera. 


Subord.l. DESMiDiE.ii(fig. 402, B). 
Cell-memhrane xcithout sUicaj con- 
tainiiuj chlovophjU and starch, 
Closterium, Xitzsch. 
Cosmarium, Meneyh, 
Eiiastrum, Ehr, 

Pediastrum, Me}fen, 
Desmidium, Ayh. 


I t^ubord. 2. Diatome.e (fig. 402, C). 

I Cell-mcmhrane impregnated icith 
i silejL^ valvular j containing a brown 
colouring- matter, 

Eunotia, Ehr, 

Diatonia, DC. 

; Navicula, Boyy, 

I Isthmia, Agh. 

Melosira, Agh, 


AfflnitlMii Ac. — These organisms were formerly included among Infu- 
sorial Animalcules ; but the v<*gi‘table character is very strongly marked 
in Desmidiece; and the reproduction by conjugation, charact(*ristic of 
certain tribes of Confervoid.s, occurs not only in Desmidiece^ but in Dia- 
timiecBj which in re.'^pect to general organization cannot well be separat(*d 
from the although the nature of the cell-content.«» has more of 

the character of what* we are accustomed to regard as animal substance. 
The Diatomece are also remarkable for the way in which they divide by 
segmentation into a number of distinct frustules, each of which grows 
into a perfect plant. • 

Dlstribation, Ac. — Dcamidieve occur in all quiet pools of pure water, at 
the bottom or adheriinr to other plants. Diatomece are universally dif- 
fused, not only in fresh water, but in tlie sea and on moist ground, in all 
of which situations their siliceous cell- walls cau?e their remains to accu- 
mulate, if left undisturbed, until they may form actual mineral strata. 


(VoLVociNEiE are micro.scopic bodies swimming in fresh water by the 
aid of cilia arranged in pairs up<m the surface of a common semigehitinous 
envelope, the pairs of cilia each belonginir lu a green corpuscle resembling 
the zoospore of a Confervoid, imbedded in the periphery of the common 
envelope. Reproduction by the development of eaclj corpuscle into a 
new colony, the whole bedng set free by the solution of the parent 
envelope, or by conversion of the corpuscles into encysted resting-spores 
like those of Confervoids. These curious and beautiful objects, found in 
similar situations with the/l'Onfervoids, appear more closely related to that 
mup of oiganic beings thkn to any form distinctly n c(»griizable as meni- 
blrs of the Animal Kinffdom ; thV persistence of the power of motion 
throughout the period of vegetative life Ijtdng the only animal (?)charactcr. 
Genera ; Volvox, I-»am . ; Pandorina, Ehrenb. ; Btephanosphetra^ Cohn ; 
Oaniunij Lam.) 
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Class II. AEROPHYTA. 

5t51. Thallophytes growing and fructifying in the air, repr^uced 
oy spores formed in asci, and by green gonidiv formed in the medul- 
lary layer of the thallus. 


Order CLXXIX. LICHENACEiE. 


Class. Lichenes, EtulL All. Lichenales, Lindl. 


o/)2. Diagnosis . — Plants usually of dry, dead-looking aspect, con- 
sisting of a thallus of foliaceous or shrubby form, or of scaly, crus- 
taceous, leprous, horny, pap}Taceous consistence, bearing local 
fructification either in cavities in the thallus and o]>ening ultimately 
by a pore on the surface {angiocarpons^ fig. 466), or expanded into 
sliield-like, cuivshapcd, or linear projecting processes {gymnocarpom^ 
fig. 467). Reproduction (vegetative) by gonkHoy green cells at first 
hidden in the interior of the thallus, and by spores, 4-8 or a greater 
number, produced in tubular spore-sacs (asci, fig. 466, B), formed in 
the excavated or expanded fruits ; anthcridia (?) in special excava- 
tions of the thallus (spernwgoula), producing minute stick-shaped 
corpuscles (spermatia, fig. 466, C). 


Illvstrativk Genera. 


Opegrapha, Pers. 
Uinbilicaria, lloffm. 
VeiTucnria, Pers. 
Endocarpon, Hvdw, 
Spha3rophoron, Pers. 


Cladonia, lloffm. 
Ijoeidea, Ach. 
Steroocaulon, Schreh. 
Parmelia, Fr. 

Sticta, Schreb. 


Cotraria, Ach, 
Roccella, DC. 
Ramalina, Ach, 
Evernia, Ach. 
Collema, Ach. 


The thallus of the I..iclu*ns mostly glows in exposed situations, as on 
rocks, walls, the bark of trees, v^c., lU'ver iuimt*rsed in water like that of 
the Algie, but receiving its supplv of moisture from the atmosphere. It 
varies from a pulverulent or papillose crust to a leatherv or homy foHa- 
ceous expansion (fig. 467, A), or tufted shruaby mass. In the crust-like 
forms' it adheres firmly to the supporting ol^ect ; in the foliaceous and 
shrubby forms it is free, and spreads more or less widely from its m^int of 
attachment. In all but the simplest forms it exhibits certain dinerences 
in its internal and external tissues j the thallus has a firm cortical layer 
above and below, between which, more or less developed in difierent caseSi 
is a central looser mass composed of interlacing colourless cellular filamenta. 
Among the latter occur green cells, called gonidia^ which are capahto of 

u 6 
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reproducing the plants veofotatively when set free. The cells of the cor- 
tical layer do not contain chloronhvll, 

and are usiiallr dry, horny, and of a Fitr. 467. 


dull jr^'y or bn>wn colour. Crystals 
of oxalate of lime art^ often inter- 
mixed with the tilam^ts of the cen- 
tral layers. 

The fruits of the Tdehens occur as 
modi ti<*at ions of two principal types, 
the shields (apothvcia^ fi;/. h>7 ) and 
the conceptacles ( perifheeta, ti^r. 46<»). 
The perithecia are chainhers excax a- 
ted in tlii(‘ktMied pa^ts of the thallus, 
or in special hraneh-like lobes (tijr. 

ft), openinsf externally by a pore, 
and lined by tubular sacs, tli ‘ parent 
cells of the spores or thrcfe (J>). 
The<e thecjr contain ti'inally a r<ny 
of sp(»res (4 nr or siunetimes a 
larger number), which t'scape by tin* 
thecje burstimr* an<l are discliary'ed 
from the orifice of the conce])tacIe 
or p* nth^oium. The spiU'es are yery 
variable in size, and coii'^ist of two 
layers, an cphporr and an mfio'tfvtre: 
the former is timred blue on the addi- 
tion of io<line. When the «pores 
miiiate they prodtice a tihirnentoii.s 
thallus. In addition to tlie ahove- 
iiamed reproductive oivaus there 
are othfus called pi/mvlla, whose 
nature and office are* at present nf)t 
clearly as'-ertained. 1’hey are like 
the spertnoironia in form, and contain 
minute bodies called sfi/Iosporc.^. 


A 






IS*>, A. F«‘rtil<lil>ratu*h of tho thnlluR of 
•^ph'tf'tph^fron tyfr-flltiiihit, with, <i, a jM'n* 
am! >•, Hjn-riuojjonifi. H. Thfo® 
nrul paniehv from th<‘ porif h«*r‘imu. 
(*. SpiTii) u frttiii tio* sju'nnoijimium. 

Fi;;. 1»>T. iV. Uram h of R<iinnh,f>t fhiiiitt' i, 
n. A fratjrornt wUh apoth»-,*ia, A 
of a fraiiiuont m sliow- 

iti;;, <1, lipiahts ium, and (tprruiO^'onia. 


The Other form of fruit, the apothf‘rutm 467, C, n) consist.^ of similar 
elements; but instead of beintr a closed chaiober, it i^ a free open cup, <>r 
shiehl-shaped or linear body, sessile or stalked on the thallus, nearing the 
Mccyc e\'posf‘d on its upper fa-e. l)ifh*rent names arf‘ applied hv liche- 
nol8^dsts to the various forms of the apotheciiim, accordin^^ to thegenenil 
form, such tis pplfrp^ sntfpUrp ( fiir. 467 ), pnfplke, Itn lUe, kf\ 

Lichens with perdhePia are called Anj^iocarpous, those with apotheciu 
Gymnocarpous. 

‘Smaller chambers, an ah Jus in structure to the porithetia, hut lined by 
filaments prfMlucin^^ extremly minute biicilliform corpii-^t Ics, occur 4ii the 
thallus of ail Lichens (fi)?. 4F»7, (\ m) ; they are called Hppvmmpmia^ and the 
corpuscles .sper.natia ; tluiy are .'supposed ‘ to repre.sent anthoridia, and the 
corpuscles to poSsSess a fertilizinjr function. 

The $permatia have u.sually been considered motionless or mani- 
festing onljr the Brownian movement common to all minute iwirticles, 
organic or inorganic ^ but Itzigsohn and other botanists aifinn^Jiat they 
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are endowed with a power of movement from place to place, as in the case of 
ih(‘ antherozoids of other Cryptogams, and also with a movement on their 
own axis. liortet alFiriiis that the spermatia, unlike those of Mosses, are 
iiilliieneed by induetion-euireiits of electricity : the spermatia range tliem- 
sflv(‘s in lines parallel to tlie direction of "the current, as if polarized. 
When the current is broken, the spermatia disperse over the held of the 
microscope. 

AfflniticD. — Tlu‘ relations of the Lichens to the Fungi are exceedingly 
clo-ie, so much so that it is dilficiilt to discover an exatrt line of demarca- 
tion between the ATigiocarpous Lichenes and the Pyr(uioiuyc< toiis Fungi. 
Some autliors combine them into one class ; but as a rule chloropliyil and 
starch do not present themselves in Fungi, while the gonidia oi Lichens 
are coloun^d green by chlorophyll and they contain starch, and are lienee 
colounnl hliu* on the addition of iodine. Some botanists are of opinion 
that Lichens consist merely of the filaments of Fungi implanted on the 
tisane of an Alga. Others think that the 1 -celled AlgfB, whose develop- 
ment is like that of the gonidia of Lichens, are precisely those gonidia set 
at liberty. Famintzin sat^s that “ zoospores ” are produced from the 
gonidia of Lichens. Some of the liichens are truly parasitic: hut the 
majority are only epiphytic, when they grow on bark &c. The tliallus of 
Lichens has a great ]>ower of absorbing moisture from the atmosphere; 
lieuct' the plants are enabled to grow on exposed rocks and in other dry 
situations. 

Distribution. — All parts of the world, hut forming a very large propor- 
tion of the vegetation in the higher ivgions of mountains and in 

polar latitudes. 

Qualities and Uses. — !Many Lichens are very nutritious : a number of 
them yield valuahh; dyes ; some are medicinal, others aromatic. Among 
tin? mort* imporlJint^utritious kinds are: — Chuhmia ranijifenna, “ Leindeer 
Moss;*’ Crtraria Iceland Moss, and C. /i/rn/is; Cmbtlicaria 

(various 'ipeeie^). •onstitiiting Tni»r-<h‘-r(H‘hv'' of the North- American 
li Hillers; Lvcifnoru ('rartary ) and L. qflhi/s^ Sfiefa puhmmaria^ 

kv. From Lvntunru tartana, the ]>urple dye called (’iidhear is obtained; 
]*(tnhella pm'iefina, conyiion on walls and roofs, gives a yellow ||Colour ; 
IforrrI/n tiwioria ( Medftcrranean and C’ape-Verd Islands, JR, 

cifornits (Mad(‘ira. Angola, Madagas(‘ar, S. America), and Ji. hjfpomeohn 
are f)rehil-wecds, from which tlicdyiduir material Orchil or Orcliel is ob- 
tained— being obtained from these and other species of liocceUa, 
Somi‘ species contain a considerable quantity f>f oxalate of lime in the 
form of crystals. 


Class 111, HYSTEKOrHYT^L or ITXGI. 

r>o3. Thallophytoa growing in or on living or decaying organic 
substances, and fructifying in the air ; vegetative organs or myce- 
lium consisting of elongated cells, destitute of chlorophyll and starch; 
reproductive organs varied in form ; spores external or formed in 
asci. 

The Fungi exhibit the greatest simplicity and homogeneity in the vege* 
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tative structure, and a most wonderful and intricate complexity and variety 
in the oj^»»ns eonnt'Ctcd with reproduction. The thallus is alike in con- 
BtpwtioD in all Fungi^ from the simple Mildew (fig, 4()8) up to the largest 
Agaric (fig, 469). It consists of an assemblage of branched, tubular, 

Fig. 468. 


A 



A- Teart-ptaat Tegetating. B. A0perffiUu9 fflaucu*. 

C. PentcMium glaueum. JD. Mttcor Mucido. 

Magnified 200 diameters. 


cellular filaments containing no colouring-mattir, and appearing in the 
form of simple filament^, or of fibres, or of menibrnnes, or of gelatinous 
pulp, or oi globular tubercles; the latter condition, indeed, is but 
transitorr, and presents analogies with the fortnation of tuljf^s from which 
shoots uitimately spring. In like manner the globular tubercles give ori- 
‘ gin to a filamentous mycelium. The clouds in decaying infusions, the 
spawn ” of Mushrooms, the woolly or cottony masses on the roofs and 
walls of cellars, the gelatinous mays of the “ vinegar-plant,” all present 
the same simple structure iindfr the microscope, and ail exhibit the same 
indefinitely expanding modv of giowth from all free points ; henc»> it re- 
sults that they have no defhiite general form, and spwnd out more or less 
widely according to external conditions, dying away by degrees in tlio 
older central parts of the mass. This kind of thallus ia known by the 
name of myemum^ and is of varying duration in difiereiit cases, sometimes 
annual, fructifying only once, or oftoner in different species'. It is apparently 
only capable of growtli when it receives nourisMinent from organic sub- 
stances, and is found therefore in rich vegetable mould, decaying organic 
matter, or parasitic on living plants or animals. It is almost always 
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colourless, sometimes brownish; but neither this nor anj other part of 
the structure of Fungi contains chlorophyll or starcht 

The nmroductive organs of Fungi di^er importantly in diderent Ordelrs. 
The simplest plants of the Class are bcluded in the Ilaplomycetous Fungi, 
including the Mildews and Moulds, which consist of a tlocculent n^celium^ 
from which arise free, simple or branched filaments of microscopic dimen- 
sions, terminating either m tufts of free spores, borne singly or in chains 
(fi". 408, li, C) at the ends of the branches of the filaments {Trichosporeae 
and Arthrosporefc), or in little sacs (fig. 408, D) filled with minute spores, 
which escape by the bursting of the theca (Cy 8 to 8 perea 3 ). The fructifica- 
tion of these plants appears to the naked eye,* when in masses, like patches 
of delicate powder of various colours, grey, black, yellow, &c. 

Many Fungi, growing in the substance of living or decaying leaves, bark, 
&c., form a fleshy or horny mass {receptacle or dronid) at some points on 
the surface of the mycelium ; and in these are produced conceptacular 
chambers {peintheeia)^ like those of the closed-frinted Lichens, the walls 
of w’hich are clothed either with filaments bearing free jointed spores 
(st^lnspores)j or with tubular sacs (tliecce or rtsci) containing spores in their 
interior, generally eight or some multiple of eight in number, and formed 
either by ‘‘ free-cell formation/’ as will ho explained hereafter, or by sub- 
division of the parent cell ( Pyrenomycetoiis Fungi ). Other Fungi, again, 
have similar asci or stylospores on the outside of a cup-shaped or cushion- 
shaped special receptacle (like an apothecium of a Lichen), scattered over 
a more or less distinct stroma or common receptacle (Discomycetous 
Fungi). 


In the larger Fungi the fruit Fig. 409, 

acquires more complex deve- 
lopment. In the Agarics, the 
Mu*«hroom is the large fleshy 
fruit arising from the flocculent 

mycelium, or spawn” (fig. ijfc-i fj 

409). rhe spores are produced J m sm 

here on little stalks (stcru/ma^ tl 

ta) springing from the J^ip of 

ovoid cells called which ^ W 

in thoir turn proceed from the 
hifmcuhim, from which hang 

down the gills ” or vertical ^ 

plates under the spreading cap ^ ^ 

(flg. 4t»9, H), Many thousands Xht* Muiihroom (Aifaricu* camp«gfri$): — A. Fruit, 
of such spores are found on the showinjf th«* t-xpanwon from the ro/m, and the wtl 

;il« alrt.wla Xf teaHnc nwuv Hud lewvin^ Ou* Annwtuft. B. Sei-tion 

trills of a single Mushioom. of“giUs,”magniHea.'iOdianieter». C. B«*iiiiaand 
The gills are rtiplaced by tubu- spores from ditto, magnifted too diameters, 
lar or stalk-like proccsse.<», or *. 

convoluted laminae, in allied gen<*ra. Fungi liaving this stiaioture are 
called BasidiosnoroUvS, and are divided into two groups, Ectobasidieai and 
Kndobasidiem, accordingly as the bnsidia are superficial, as in A^anats^ or 
enclosed within a conceptacle, as in the Puft-ball8(Zyco/Wffoa) and their 
allies. The fruit here assumea the shape of a leather ball, which at first 
appetirs solid, being filled internally by a convoluted laminar structure 
analogous to that under the pilciis of the Agarics, but closely compacted 
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and shut up in a sac (/)enWium) analogt)us to that epclosing* the young 
Mushroom. The iaminfe produce hasidiospores ; and these decay away so 
as to leave the spores free as a pulverulent mass in the interior of the 
ball, which then appears like a leathern sac, and, bursting, discharges the 
Sport'S in the ft>rm of a cloud of dust — whence the name of the plants. 

The family of w’hich the Truffle is an example bear fruit beneath the 
surface of the soil in which they grow; and although they bear some re- 
siMtiblance to the Putt-balls, their structure dirtei*s in essential respects. 
They also are globular or irregular balls, the inte'*ior composed in like 
manner of convoluted •laminne, which gives a marbled appearance when 
tliey are cut across ; but they do not produce hnsidiospores ; from their 
s])origeroMS Inmime arise usci or spoW'-f^acs, producing spores in their in- 
terior; and the ultimate fate of these is not to become free, dust-like 
particles, but to he set free by the rotting away of the whole parent mass. 
There is no peridutm in this case. 

The sj3ores ” produced in the tnanner above indicated are pi-obably 
more nearly analogous to buds than to reprothictivc organs formed from 
sexual aLrency. Accordin*rly as these spoi-es an' formed within a mother 
cell or on the exterior, we have tlu* ttTnis emloymreny as in the Ancomycvles 
('tx PyrenntwfceteA, or exospore*, as in th*‘ Husidiosporeio. Ik'rkeley Jis- 
tinguishes the endo'«pon.‘s ii'< retaining the word spore for the exo- 

spores. The erulospores or sporidia are forintHl in one of two ways — either 
by division of the parent cell, or by tin* formation of new daughter cells 
withirf the mother cell ( free-cell formation), ns will be more fully explained 
hereafter. 

Recent i*esearch»s make it probable that various forms of so-called spores 
ohstuwed in Funtri h ive di(f*‘rent physiological importance. Some of tnem, 
calh^l coau/K/ ( tiir. MK Al ap|H*ur to !>• organsof vegetative propagation, 
like the gonidi i of Lichens (p. 441) and the zoosp(»res of Algm ( §o4/^). 
They exist in the form of simple, globular or ovoid cells, isolated or 
aggres’atcfl in masses. J)fetudin are small cavities or conreptacles con- 
taining threads, bi'jiring ovoul or splieroidal cells callerl stptoapores. In 
some F uniri, moreov#*r, as Peronosporih zoospores like those of .\lg;e have 
been discovered, contained originally in a zoosporange, from wliich they 
escape and move fnun place to place by means of eilia. 

Other of the structures Tn»‘t with among Fungi appear to repre.sent 
distinct sexes; tlun, in addition to the spore's, usually so called, and the 
sporidia,” the following have aLo Ixten ohsert'f*d in various Fungi ; — 
Antheridia, or cystidia, of originally threa<l-like fonn, but afterwards 
dilated at the .summit, and detaclual from the mycedium ; tlie function of 
theae bodies Ims not been detiuitelyascf^rtained. Si>rrmatia^ consisting of 
aimple, ovoid, straight, or curved cells, {-ontained within a conce|)tacle or 
spermogone, and thiis prei?umed to have close relationship to, if not 
i lentitv with, the stylospcm's above df.‘scribed. Zijfpyspores^ rounded or 
oval cells, situated at tht^ extremity of a ttlamentons receptacle or deve- 
loped on the sides of two suWi visions of the same branch|^hich approxi- 
mate and join one another to form a single cavity, or zppospornngey con- 
taining a single spore. This process, analogous to that called conjugation 
among Alg®, has only been observed in Si/zt/f/ites and one or two other 
genera, ^mething of a similar character has been observed by Tulasue 
in Pezka cmJlmnM. Oogmia are globular bodies, tilled with granular 
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matt(?r, which iilliiryitcly, after contact with the antheridium, formed on 
another branch of tin? same mycelium, agLrrt^jjate into small globular 
Tunss(‘8, or oospores. 'Fhese structures are found in Suprokf/nia, a plant 
incjludeil by some under Algm, but placed by De Bary in Fungi, and 
wherein small tubes like pollen-tubes may be seen passing from the 
antheridium into the interior of the oogone, and determining the fomiation 
of the oospore. 

As many of the bodies which have thus received a distinct appellation 
are, in all pndiability, merely slight modifications of one and the same 
organ, it is very (‘lubarrassing for the stmlent that they should have 
received dilU*r»‘nt names. Ikaibtless, as the functions of these bodies 
b«‘{’ome iiKJiv cl(‘arly as(rertaiiu:d, Cryptogamie Ijotiinists will be content 
t() follow the example of those who study the higher plants, and call all 
organs exercising the same functions liy the sann^ general name, qualify- 
ing it as may he necessiry. The comph‘xity is increased by the fact that 
one and the same spe(‘ie*s may <le\ elope at one time, or at diflerent time.s, 
the various reproductive bodies above described. Hence numerous spe- 
cies and genera have Ix'cn described as distinct, having been founded on 
the presence of organ" tkjw known to belong to the same plant in dillereiit 
phases of its existence. 

Fungi live, for iht' most part, on dead or d«*composing organic matter, 
or on living tissues. I fence M. de Bary divuh‘s Fungi into two ( ’lasses, the 
Sa])rophytes and tlie Paradtes: and these latter are epipliytes or euto- 
]diytes, accordingly as they attach themselves to the surface or develope 
theiiHolves in ilu‘ interior of tin* tissues. The spore of the parasite 
germinates externally, and thru>ls the dtdicate filaments, formed as a 
result of its irermi nation, through the epidermis, either through the 
stomata, or directly through the ej»idermis, as in th(‘ mould producing 
the Potat(»-disea<e. I'audi sp(‘cies (»f eutophyte is peculiar to a particular 
ami p"uetrates it at a definite moment, and hy an organ specially 
provideil f<u’ tin* purpo'C. Thus Ik* Bary asserts that the white rust" 
so coiuiuoii ill f 'nicileiN is only introduced through the cotyledons at the 
time of germination. lijiiphytii'al Fungi spnnul over the surface of the 
plant on whieh tluy grow, and abstract the juices therefrom hv means of 
very small dilatations of the filaments acting as suckei'S. Other para- 
sitical fungi atlect animals, s(»metimes as a result or consequence of ill- 
health, while at otlier limes t)n‘ fungous gu’owth itself causes the disease, 
as ill the* ‘M’lmgous foot ’’ of India, the silKworni-diseiuso, *S:c. 

r>r>4. The classification of the Fungi is a subject of great com- 
plexity, {ind, from the multitude of forms, and the variety of con- 
ditions exhibited under each type, it is extremely difficult to esttiblish 
really ntitural groups with definite eharactefj. Many systems exist, 
almost every writer wlio devotes especial attention to these plants 
modifying in some way the systems of his predecessors or cont4?ra- 
IKiraries. It seems evident that we cannot rely on the condition of the 
spores alone for the discrimination of largo groups, and it is scarcely 
poasihlo to classify by the polymorphous fruits ; but the conditions 
of the fniits seem V) us the natural basis for the classification hei^, 
where the thallus takes the same simple form of a cottony myccliom 
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throughout the entire class. In De Bar}’^’8 classification, which is 
the most recent, the Fun^ are divided into four main subdivisions 
and thirteen secondary ones as follows: — 1. Phycomyc 4 tes, including 
the Saprolegme(4, Peranosporeff^ and Mxirorineof; 2, Hypodermecx, 
including the Uredinece and Ustilayhie(r ; 3. BasidiomyceteSy com- 
prising the TremelUneir^ Hymenomycetes, and Qastromycetes ; 4. Asco-- 
my Cites, under which head are included the Protomycetes, Tuberacece, 
Onyf/enere, Pyrenomycetes, and Dhcomycetes, 

In the former edition of this work Professor Henfrey proposed 
an arrangement of a simple nature, and which is as natural, or 
more so than other arrangement proposed before or since, for 
which reason it is retained. In it the Fungi were distributed into : — 
1: BotnjtaceiP, the Order with fertile cellular filaments (flocci) arising 
directly from a flocculent mycelium (p. 445) ; 2. Spheriacea, the 
Order with a stroma or common receptacle on the mycelium, bearing 
perithecia or apofhecia, like the Lichens (p. 445) ; 3. KvuUacca, 
those with a highly developed common receptacle arising from the 
mycelium, and growing hy peripherical development, bearing hasidlo- 
spores or ascospores over more or less extensive tracts of the surface. 
In Tuherea? (Tniffles) this receptacle is developed into a tubercular 
mass, formed of a convoluted structure ^rith the sporiferous layer 
turned inside. 4. Ayaricacefr, in which a more or less complex 
common receptacle is originally develojH^d in a large sac-like case or 
peridium, and cither bursts out in a jierfect form when ripe {Ayartcus 
and Phallus), or decays and frees its spores within the peridium 
(Lycoperdon ic.). 

Order CLXXX. AGARICACEiE. 

(Including most of the Hymenomycetes and G aster omycetes o/* Fries, and 
the Basidiosporeee of L^veilli^.) 

555. Diagnosis. — (Fig. 460, p. 445.) Fungi vegetating by a floccu- 
lent thallus, from which arise more or less fleshy fruits which possess 
an outer, single, or double coat ( peridium), rarely remaining adherent 
to the indehiscent fruit, usually bursting at maturity. Peridium 
enclosings the fructifying tissue (ghba), which forms a common rc- 
c^ptmUy subdividefl into'^- numerou.s laminae (fig. 460, B) or convolu- 
tions, or excavated into chambers, on the walls of all of which the 
spores are developed, either on hasidin (C) or in asa. The receptacle 
either bursts forth out of the peridium when mature, and by ex- 
pansion exposes its sporiferous laminae, or it deliquesces and i.s totally 
absorbed before the bursting of the peridium, leaving this filled with 
free spores ; or it gradually decays with the adherent indehiscent 
peridium. 
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Illustrativk Gknera. 


Trib**!. AoAinriK.E. 

A;r:iriciiH, L, 

lioU'liis, Dilf. 

Tribe 2. Pii allege. ! 

Phallus, L. I 

(Uathrus, MicL j 

Tnb(‘ .‘J. PoDAXlNIK.E. i 

Secotium, Kze, 1 

Trib(‘ 4. A'lDrL vitiE.ii. 

CVathus, IlalL 


Tribe 5. Triciiogastrejs, 
Lycoperdon, Tournef. 
Bovista, DiU, 

Tribe 6. MYXOGASTREiE. 
Trichia, llalL 

(Hed, 

Tribe 7. Hymen angikje. 
llymenaiigiiim, Khtsch, 

Tribe 9. Oxygexe*. 
Onygena, P. 


Affinities. — The question of the relations of the tribes of this Order and 
of this to the oth(?r Orders of Fungi cannot be deeply entered into 
h**re ; but the prineinal forms ^lay be briefly noticed in a general manner. 
These, like all otlu r Fungi, grow from a floeculent mycetium^ commonlY 
Iviiown as spawn.’’ In Afjarirua, the fruit appears at first as a roundisk 
boily, th»‘ roh'it or pvndlum, which bursts and gives exit to the “ button,” 
eou'^i^ting of the stalk supporting the still closed pileiis, its vertical 
sporifenuis plate.s covered by the inner peridi urn, which splits away as the 
nileus expamls, leaxing a portion tm the stalk in the form of the aumthis, 
in liohtux tin* peridlum Is very fugacious. In Phallus the volva is more 
strikingly develop<‘tl, and, when it bursts, the common rece])tacle expands 
into a column with the fm’tih* surface at its head — in Claihrus into a 
wonderful coral-like network of fleshy substance with the spores adhering 
to the bars. Podaxiuwfp are a kind of Pufl-ball in which there is a more 
or less distinct central column, comparable to the stalk of the pileus of an 
Agaric bt‘fore this bursts out from its ‘’button’’ condition. In KidulariefP. 
the p(*ridium opens into a cup and expo.ses a number of little bodies formed 
by tlie breaking-iip of the rfCM'ptacular mass (t/lvba) into separate recep- 
tucb s. Tricluujastrpff' are Pufl-lMills in which the entire sporiferous tissue 
in tlie peridium d(?cnys, h*aving only the spores (or fllameiitoiis frairments), 
before the peridiunr bursts. Jft/j'oyastKcp are little plants which repre- 
H**nt on a small siude the conditions of Clafhrus, LycopiTdtm^ kc.. Hy-- 
7)tntanyip<p approach the Tuhervtv in tlie next Order; they are Truliles, or 
underground-fruiting Fungi, wliost» fruits may be compared to Lyeofu*r- 
dou, but remain stdid and set free their spores by de(*ay. TuhercfP diifer 
from all tin* plants of this Order botli by the absence of a jyendimn and by 
forming tlie spores in sacs or use/. All the Ayat'iviva* fonu their spores on 
hasidta^ grouped in fours. 

Distribution. — .Vbiuidant in all parts of the globe upon or in^ soil con- 
taining decaying vegetable or animal niattei^ also upon decaying wood, 
trunks of trees, 

Qualitios and Uses. — The fleshy fruits are formed of a tissue which 
is vt*ry imlritioiis ^ and in the absence of noxious secretions they are very 
excellent articles of focKl. In this country they are rather used as luxuries 
than ne(‘essitic.s ; but in Italy they are largely consumed as solid food ; and 
in Australia, Tasmania, Tierra del Fuejro, and other ijarts of the globe, 
where cultivation of the soil is not practis^ by the natives, they form an 
impfU-tJint item in the means of supporting life. The best-known whole- 
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some kind is Af/ariem camfxfutris, the common Mushroom; but many 
other species of Agaric an? also tit for food, as A. de/iciosus^ A. proceru^f 
A. Oeorpn, kc., as also Jiofetn't edtdis; wlnle a number of 8pt‘eies o( Af/a- 
ricuff (mostly such as are brightly ctdoured) are noxious or suspicious, as 
A. pipcratus^ A. rarliodes^ &c. The kinds of Af/aricus and allied not 

eaten are comrnouly known by the general naiue of “ Toadstools.” Their 
peculiar mode of growth in pastures, producing, by their remains acting 
as a manure, annular marks of luxuriant growth of gi*ass, called Fairy- 
rings,” results from the radiating growth of the subterranean mycelium 
or spawn. and' Clathnis are genera of very curious structun', 

remarkable also for the excessively olfensive smell ditlused when the 
peridium bui-sts, and the ivceptacle expands. Af/ancus {^Amanita') /////,%- 
carwii is a poisonous species which possesses narcotic and intoxicatimr 
properties; the Putt-balls (Lproperdon kc.) app(‘ar to posse.ss a principlt* 
of this sort in a volatile condition, as the fumes from their combustion 
have a stupefying etlect. Lproperdtm pif/anfcKm^ howev4*r, when young, 
and snowy white in colour, is one of the bPst of the 4*dible Fungi. 


Order CLXXXL EXIDIACE/E. 


{Including part of Ilgrnenmvjccte^, of Discomyretes^ and of Gymnomycctesj 
Fries, and of Basklioymrece and Thecaspor(‘<e o/* Leveille.) 

556. DiaffnoiiU , — Fungi vegidating by a flocculont tliallus, pro- 
ducing on any part of the surface more or less Heshy common /•<?- 
ceptacUn, devoid of inrhliaiii, sometimes ])oreiHiial and increasing 
continually in diameter, bearing on their surface crowded haaidlo- 
spores or sira])le stylospores^ or asri containing free spores ultimately 
discharged with elasticity. 


Ijll u str.\ti ve G ex era. 


Tribe 1. Polypore-e. 
Meridiils, Hall. 
l^olyponis, Mirh. 

Tribe 2. IlYDXEiE. 
ITydnum, L. 

Tribe 6. Auricularie^e. 
Cy^hella, Fr. 

Trille if. Tuberhe. 
Tuber, Alich. 


Tribe 5. IIelvf.lt.e-e. 
Ilelv.dla, L. 
Morclu'lla, DHL 
Tribe 6. TiiEArEi.LE.E. 
Trcmella, DHL 
Exidia, Fn 
Tribe 7. OLAVARiEas. 

Clavaria, X. 

Tribt) 8. IsARiF.^. 
Isaria, HHL 


Al fln i t t e i# — The relations of this group are, in the first place, with the 
Agariae^, the l^lyparecB being as it wer«j receptacles of Agaricm or Xo- 
letm without a peridium j they are remarkable for the fruit-organ being 
of perennial duration, increasing by gnuiiial development at the margins. 
The Auricularieen^ TremeUcx^^ and (Jlnvarme are all related in the 

SMue direction, the naked common receptacle exhibiting vaiydug xneta- 
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nu)rj)hoj<os cliaractorizinp the particular groups. IlelveHea* are especially 
distinguished by the dilierent mode in which the spores are developed, 
lK*ing ascosm»rous, in wliich they agree with Tuherm^ which may be re- 
garded as roli/jioretf' t)r Tmni‘lk(e witli tin? fertile layer of the receptaxde 
liirned-in to line a C()inj)licate(l series of connected chambers formed by 
convolutions of the mass. Imriece are probably rigidly placed here, 
forming a link betweiui this group and the tilameiUous Fungi. 

Distribution. —Universal, on decaying vegetable matter, producing decay 
in (lamp situations. 

Qualities and Uses. — Little value can he attributed to this Order on 
account of us(‘ful qualities ; some of them, however, are eaten, especially 
the Truflh\s and Mor<‘ls. MarvheUa thr‘ Morel, is imported from 

Italy as an article ofliivurv. Tiiheri^ the genus furnishing Truffles, wliich 
tire highly est(‘(‘ni(‘d for their peculiar penetrating ilavour. Tuher mtivnm 
is a Hritish spcim’s, hut it does not attain a large, size with us. T, meln-^ 
nospuruuk^ miujuatnm^ uKm hatumy kc. are also used ; most of those im- 
porti'd from Franct* i)clong to the lirst of these species. The Voiyporece 
iiavi‘ a great celebrity on account of the terribly destructive powers of 
th(‘ mvceliuiu of various speciiN, producing what is commonly called 

dry-rot in timber, TIu* tilamentoiis threads of the mvceliuin, corre- 
sponding to the cottony “ spawn ” oftlie Mushroom, insinuate tht'inselves 
into ilie iuter>tices of the tilm's of wood, and exercising a solvent action 
on th'* sul)Stanee, break down and a'Jsimiiate tlui tissue until the solid 
ma^s is entirely destroye»l. lake other Fungi, th(*<t* grow most rapidly in 
damp and eonlined air; so that the ‘’dry-rot** Is really a ihmp~m\^ resulting 
frcmi the timber ln'ing too ehesely -hut up from the atmosphere, which would 
keep it in a dry stale ami not allow tin* growth of the F ungus. We see an 
illu.stration of this in llu‘ <leeay of pi)-ts, ))eams, &c. where they enter 
damp earth, at joints where damp lodges, or when they are covered up, 
while cre(*n ami wet, with paint or other iinp(?rvions materials, while im- 
painted timber expose(l freely to dry air doe< not suffer. The common 
ilrv-rot is ])roiliiced by Mvndim vastator, M. lacnjmana, and Polyporus 
ilvstrudor \ they frei][m‘ntly extend wi<lely in the hum of invisible myce- 
lium witlioiil fruiting when they attack timber constructions ; their fruits, 
often of very large size, are developed .sometimes very rapidly, from parts 
of the lUM-elium which come to the surface of the wood: such fruits of 
pitlypori and Thrlepiwrce are very common on rotten posts and trunks of 
tr(M‘s. The fruit of Volyporus ,<(piamo^m has U‘en found moiv than 7 feet 
in circnnifeiTUce, and weighing «»4 lbs,, the wlu4e the growth of a few 
weeks. The solid leathery suh.<tan<‘e of this fiuit is cut into slic^es and 
dried and used for making razor-strops; that of P. is made 
into Amadou’’ or (human tinder, by beating it iiito a kincl of piu«ie, 
soaking it in nitre, and drying it. ^ ^ 
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Order CLXXXII. SPH/ERIACEiE. 


{Including part of Dtscomiiceies and Pgrenomycetes of Fries, and of the 
Thecasporece and Clinosporece of LtSveill^.} 

557. Diagnosis . — Fungi vegetating by a floccnlcnt niyceliiim (often 
parasitic on plants or even animals), producing a naked common 
receptacle of more or less horny texture, which bears, either in 
definitely formed groups on its outer surface {receptacles) or on 
the walls of chambers excavated beneath the surface and ultimately 
open extfemally {conceptacles), spore-sacs containing free spores 
{asci)^ or (by adherence of the spores to the wall of the parent 
cell) rows of separable sporkUa. 


Illustrative Genera. 

Tribe 1 . SpHiERiEJE. 

Sphaeria, L. 

Hvpoxylon, BidL 

Cordiceps, Tul. 

Tribe 2. Phacidteje. 

Tympanis, Tod. 

Cenangium, Fr. 

AfOnities. — The relations of Sphcpriecp and Phacidkee with Lichens are 
so close that it is difficult to point out any good distinctive character, 
beyond the absence of chlorophyll in the "thallus of this Order. I'hey 
possess similar reproductive organs, the spores being formed in receptacles 
and conceptacles corresponding respectively to the apothccia and peritheda 
of Lichens, containing either spores in asci or stylospores (metamorphoses 
of the same structure) which both occur also in Lichens ; and sper- 
mogonia with spermatia are formed exactly in the same way as in that 
Order. In Sphceriecc the receptacle is well devolop(*d, less so in 
diea and merely forming a im^re or less distinct perithecium to the con- 
ceptacles in UredinecB and Ptn'lsporecB. 

Distribation. — Universal ] but mostly parasitic or upon dead organic 
structures. 

Qualities and tTses. — The uses of these plants are not such os we 
are accustomed to comprehend under that name, since they refer to the 
general acheme of creation and not to human requirements ; some of 
them f^^ptideed, among the pests of cultivation, in particular instances 
capable of doing enormous Ynischief. Sphccricce attack Jiving and dead 
organic bodies ,* Cordiceps purpurea, which attacks the young pistils of 
Rye a%d other Grasses, developes its mycelium within the ovary into 
a solid mass, which forms the Ergot,” so well known for its poison- 
ous propeifties ; the receptacle grows up subsequently from this, after it 
has ndlen from the ear of the Rye. Cordiceps Kohertdi, erdomonliim^ and 
other species attack the bodies of living caterpillars, and gradually destroy 
all the internal parts, and fill the skin with a solid mass of mycelium, 


Tribe 3. Urkdtneab. 
Pnccinia, Pers. 
/Ecidium, Gmcl. 

Tribe 4. PKRisroREiE. 
Erysiphe, Ilcdtc.Jil. 
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which after a tinip sends up a filiform or clavate receptacle bearing the 
conceptacles, as in the Ergot Fungus. Sphceria includes numerous 
species, witli less-developed receptacles, growing upon leaves, wood, bark, 
&c. of trees. IL/poxijla grow upon decaying wood, probably exerting a 
destructive action ; when they are placed in situations unfavourable to 
the production of fruit, tliey often form lar^e amorphous masses of hard 
fungoid substance, sometimes described as distinct kinds of Fungus under 
the name of Sclerutium^ lihizoinorphaj &c. The Phacidiece grow on 
vegetable bodies, chiefly those decaying after the completion of their 
vital function, as on fallen leaves, bark, &c. The Xlredinece attack the 
leaves and li(^rba(!eous organs of living plants, their mycellium ramifying 
in the tissues boneatli tlio epidermis, and pushing out perithecia (or con- 
ceptaehis ) through the latter at various points ; they constitute some of the 
most noxious vegetable pests of agriculture and horticulture, Puccinia 
fjriunitm forming the Mildew ” of Wheat, the stylosporous forms of the 
genera of this same trihf^ (known as species of Uredo) constituting the 
“blights,” “rusts,” &c. of corn and other cultivated plants, Coleoiiporium, 
the “ white rust ” of Cabbages, &c. &c. Among the Pevisporere, Erysiphe 
includes a number of epipliyllous Fungi, the mycelium of which spreads 
over the surfac(i of living leaves, forming a cottony weh obstructing 
growth and respiration, reproduciiig*itself on an enormous scale hy conidia 
or <letached terminal cells of branches ( ()uUum)j as well as by spores 
formed in conceptacles. The Mne-mildew has been refeixed to this 
tribe under the name of Oidium luckeri; it appears rarely to produce 
perfect fruit. 


Order CLXXXIII. BOTRYTACE/E. 


{Indudiny ITaplomycefvs of Fries IFyphomycdes ami Plnpiomycetes)^ 
Cydoporerfi, Trichosporetey ami Arthroaporvco of L^veille.) 

558. Dlaynosis. — (Fig. 4(38, p. 444.) ^licroscopic fungi vegetating 
by a fiocculent thallus, often parasitic, of which the filaments rise up 
dirooily into simple or ramified pedicels, bearing at the extremit)'^ 
(or the ends of their branches) a free s])ore, a chain of spores 
(fig. 4(58, ij, c), or an expanded cell filled with free spores discharged 
by dehiscence (fig. 4(38, n). 


Tribe 1. Antennarik.®. 
Anteiinaria, Corda. 

Tribe 2. Dematikje. 
Cladosporium, Lk. 
Dematium, P. 


Tribe 3. 

• Ponicillium, Lk. 
Aspergillus, J/fcA. 
Botrytis, Mich, 
Tribe 4. MreoRKiE. 
Mucor, Mich, 


Illustrative Genera. 

I 


Affinities. — The filamentous Fungi or Moulds” are connected with the 
Orders with a naked receptacle by the relation of Dematiece to Isanea, 



454 


SYSTEMATIC BOTANY. 


whil^ the Antennariefp are probably allied to the c^nceptacular Fung:i 
through Pemporeoi, lu Antnimriece the flocculent mycelium is highly 
developed, and the spore-fruit is produced at once from it, the parent- 
cell of tlie spores being surrounded by a hind of false pvrithecium growing 
up over it in the form of cellular lilainents. In Demattefe the mycelium 
is little developed, and the pedicels bearing the spores are rigid and dark- 
coloured : they are not clearly understood at present. In Mucedinece a 
tlocculent myceliuni sends up solitary simple or branched iilaments with 
the free points tipped with a single spore or chains of spores falling oil’ 
when ripe ; the mycelium is also freely increased by miidia^ consisting of 
globular or oval joints of the mycelium-tilameiits, falling apart instead of 
growing out into flocks. In J/m>r.the fertile pedicels are tipped 'with a 
globular cell enclosing a number of minute free spores. In Si/zi/f/itcs there 
has been observed a process of “ conjugation like that of some Algie. 

Distribution. — I’niversal, forming moulds, mildews, &c. ; occurring 
constantly in infusions of organic matter and even chemical solutions, 
as mother,’' producing various feimeiitations and decompositions. 

Qualities and Uses. — Some of these insignificant plants are of vast 
utility to man through the chemical changes whicli tluy produce in the 
substances in which they flourish. In their perfect forms they presiait 
themst?lves as moulds, mildews, iS:c., as in : — Mtrror Mucedo^ the common 
mould of paste, tScc. ; Penicdliim the blue, gi*een, or yellow mould 

which equally or still more readily appears on d<.*caying vegetable sub- 
stances; Af^pertfiUm green mould of cheese; Potn/tis vtdpnnsj 

a brown mould constantly attacking leaves decaying in a moist atmo- 
sphere &c. The Potato-fungus, Potn/fia infcsfam, is another example. 
But some of these will grow extensively and increase by vegetative 
reproduction (by conidia, or isolated cells thrown olf by budding of tlui 
mycelium) to an almost unlimited extent in suitable media : thus Pcln- 
ciUhim (jlmici^n grows in saccharine liquids, in the form of flocculent or 
gelatinous masses, constituting the curious object called th(> \ in(*gar- 

5 1ant, the vegetation of which converts the solution of sugar into vinegar. 

’his grows at ordinary temperatures. There is every reason to believe 
that the Teast-plaut, the growth of which produces the “ fermenfatioii ” 
of beer and other liquids, and the working of bread, is a mycelial form 
of Penioilliim f/hmciony wdiolly composed of conidud cells which never grow 
out. into filaments, but bud continually into new conidki under the in- 
fluence of the elevated temperature which is ) ^*qiiisite to produce this fer- 
mentation. Hallier considers it to be the conidial state of a L(ptothrix. 

(A detailed acchunt of the most important phonomena exhibited in the 
development of Fungi, Lichens, and Algse 'v\dll be found in the Micro- 
graphic ^Dictionary.” In the .systematic study of these riosses and of the 
Cij'ptogaiiiia generally, the student must have recourse to Mr. Berkeley’s 
^ tntrofluction to Cryptogamic Botany.’) 
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AliTIFICliL ANALYSIS OF THE CLASSES AND 
PRINCIPAL ORDERS*. 

Series I. PHANEROOAMIA— FLOWERING PLANTS, 

Div. I. Flowers witli pistils containing the 

ovules in closed ovaiies Angiospermia. 

Div. II. Flowers imperfect and incomplete, con- 
sisting of scales, the female with naked 
ovules, on the margiiis or upper face of 
the scales, or isolated G ymnospermia. 

Div. I. Angiospermia. 

Class 1. Cross section of the stem exhibiting 
one or more complete rings of wood divi- 
ding a central pith from a separable rind 
or bark; leaves mostly with arborcscently 
branched reticulated ribs : cuh/x and corolla 
mostly 5- or 4-merous ; emhryo with two 
opposite cotyledons Dicotyledoxes. 

Class 2, Cross section of the stem (‘.xhibiting 
the wood ill isolated libii's, without distinct 
•pith or barkf //Y/m* mostly with paralhd ribs, 
or, if reticulated, with Die secondary ribs 
suddenly smaller; calyx and corolla »‘l-nie- 
rous (perianths apparently (i-nuTous) ; cm- 
bryo one cotyledon, or a rudiment of » 

a k»cond alternate Monocotyleboxt.s. 

Class. 1. Dicoi'yledoxes. 

Subclass 1. Petals distinct, free, emerging 
directly from the receptacle ; stamens 

hypogjuious A. ThalamifloreB (107). 

Subclass 2. Petals distinct or coherent, liy- 
pogynous or peri gy nous ; stamens perigy- 

nous or epigynous li. Calycijlorce 

Subclass 3. Petals coherent, liypogynous or • 

epigynous ; stamens epipetalous, or more 

rarely hynogynous C. Corolllflorce (292). 

Subclass 4. Petals absent, or forming a green 
perianth with the sepals ; sepals green <Jr 
coloured, sometimes abortive 1). Incomplete 

* The arrangement in the following Table is purposely made different in 
some particulars from that givep in the detailed list of Orders, so as to increase 
the student’s facilities for determining the Order to which any jiarticular plant 
may belong. As it is drawn up for beginners, it refers almost^ cxclusiv^ to 
Oraers or representatives of Orders commonly to be mot with, either in a wild 
state or cultivated in gardens in this country. 
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A. Thalamiflohje. 

1. Placentas parietal. 

a. Seeds exalbuminons. 

♦ Flower regular. 

1. Stamens 6, tetradynamoiis ...... 

2. Stamens numerous 

3. Stamens equal to tiie petals, or 

double .' 

Flower irregular 

b. Seeds albuminous. 

♦ Flower irregular. 

1. Stamens 5 

2. Stamens 0, diadelphous 

** Flower regular. 

Sepals 2 . . . , 

2. Sepals o, nestivation imbricated . . 

3. Sepals 5, mstivation contorted .... 

n. Placentas covering the dissepiments 

III. Placentas axile, or on the ventral suture of 
simple pistils. 

a. Seeds albuminous, with a straight embryo 
in the axis. * 

♦ Fruit composed of several .separate carpels. 

1. Flowem perfect, pentauierous or 

tetramerous 

2. Flowers perfect, trimerous j trees or 

shrubs. 

Leaf-buds enclosed by stipules, 

sestivation imbricated 

Leaves exslipulate, (estivation 
valvate 

3. Flowers, through abortion, dicli- 

, nous ; • 

♦♦ Fruit composed of 1 carpel, anthers de- 
hiscing by valves 

Fruit two- or raany-celled, composed 
of coherent carpels. 

1. Flowers irregular, perfect 

2. Flowers regular, diclinous "by 

abortion 4 

3. Flowers regular, perfect. 

Sfainens opposite the petals . . 

^ "Stamens alternate, nionadel- 

phous. . 

” Stamens alternate, distinct .... 
Stamens numerous, free or poly- 
adelphous 


Oruciferr^, 14 . 
Capparidacvce^ 

Tamancacece^ 22 . 
HesedacecBj 10. 

Violacea*, 20 . 
Fumariace€pj 1 .‘ 1 . 

Pa paver aceaty 12 . 
Dnmraoere^ 10. 
Cislaceciy 18 . 

Xijmphoiacecey 0 . 


Mammcalacexey I. 

Maf/noUacecify 3 . 
Anonacvff'y 4 . 
MenupirmaccaVy o. 
Berherxdacevey 8. 

PohjtjalacecPy 35 . 

Xanthoxylacecfiy 47 . 

Vitaceany 50 , 

OxalidacecVy 41 , 
llutaceisBy 40 . 

TUiacetB^ 27 . 
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6. Seeds albuminous, with the embryo curved 


round the albumen (in part apetalous) . . CaryophyUacecB^ 23. 

0 . Seeds exalbuminous. 

* Flowers regular. 

1. Fruit a many-celled capsule. 

Stamens definite, distinct ElatinacecBj 32. 

Stfimens definite, monadelphous at 

the base Linaceoi^ 40. 

Stamens numerous, polyadelphous . Hyper icacefB, 31. 
Stamens numerous, distinct or co- 
herent at the base CamelMaceee, 20. 

2. Fruit of several carpels arranged 

round a columella. 

Stamens numerous, monadelphous, 

*with 1 -celled anthers MalvacecBy 24. 

Stamens definite, monadelphous ; an- 
thers 2-celled 1 Geraniaceoij 42. 

3. Fruit succulent (hesperidium) Aimmtiacecc^ 39. 

4. Fruit a 2-lobed samara Acerace<e, 34. 

** Flowers irregular. 

1. Calyx not spurred, o-merous; em- 

bryo cur\ ed Sapindacecey 33. 

2. Calyx spurred. 

J^Jnibryo curved lUtUiwunaceoiy 43. 

Embryo straight Tropaolacece^ 44. 


As a rule the Thalamillorie are polypetalous. Some Eutaceae and 
Anonaceic are mouopetalous. Apeialous genera and species occur in 
Uaniinculacete, Meuispermacete, Papaveracete, Caryophyllacea), Byttne- 
riact^u, Tiliacem, Oeraniaceae, KuOicem, Xanthoxylacem, &c. 

Some t)f tlie foregoing Thalamifiorous Orders include native species in 
wliich the petals are abortive, especially Banunculacea) and Caryophyl- 
lacefc : this is more frequently the case v^’ith exotic species of these and 
other Orders of this Subclass. 

B. CALYCIFLOB.2E. 


Polj^petalsD, 

^ Placentas parietal. 

a. Seed exalbuminous. 

^ Flowers perfect * Cactaceay 76. 

** Flowers diclinous^ t Oticurbitacettj 72. 

b. Seeds albuminous. 

* Stamens epigynous. ^ ^ 

Stamens 6, distinct r Ilibesiacea, 76.. 

Stamens 6, monadelphous Passj^racea, 71. 

Stamens numerous Memnhryantmce^y 60. 
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♦* Stamens perigynous. 

Leayes ^Hthout stipules Port^dacacedB, 68. 

(Some SaxtfragacecBf 6»5.) 

Leaves witli stipules Paronychiacecpy 07. 

tIF Placentas axile, or on the ventral suture 
of the separate carpels. 

a. Seeds exalbuminous. 


* Leaves with stipules. 

1. Fruit free, a legume or lomen- 

turn .* Zegummosof, /5o. 

2. Fruit free’, a drupe : (Amygdaleeip), 66. 

3. Fruit a succulent or dry etserio, 

or a succulent or dry cynarrho- 

dum " PosacfiWy 66. 

4. Fruit a pome, with a core or 2-5 

stones, and a superior calyx . . ( Pojnea^), 66. 

** Leaves exstipulate. 

1. Fruit with the cah^c adherent. 

Stamens and petals numerous CahjcanthacofP, p. 263. 
Stamens numerous, petals 5 . . Myrtaceoiy 67. 
^Stamens definite Onayrawcey 62. 

2. Fruit free, 1-celled, 1 -seeded . . Anacardiacedpy 5.3. 


3. F^iiit free, surrounded by the 

calyx, 2- or manv-celled .... Lythracer^j 04. 

4. Fruit ^of free, simple, many- 

seeded carpels, standing in a 
circle. (Some Crassulacese are 


monopetalous.) CrasstdaceaBy 66. 

b. Seeds albuminous. 

* Ovary wholly or partly free. 

1. .Stamens opposite the petals Rhamnaceoi, 62. 

2. Stamens alternate, connected at the 

base with the petals {Aquif6liaceai)y 90. 

S* Stamens altenmte,^in0erted on an 

hypogynou.s disk CelastracecHy 61. 

4. .Stamens alternate, perigynous, de- 

finite Saxifragacece^ 05. 

5. Stamens alteinate, perigynous, nu- 

'haerous . . {Phdaddpke€e)y 05. 

♦♦ Ovary quite inferior. ^ 

1. ^dSsrivation of petals imbricated . . Hahragaceay 63. 

% ^^tivation of petals inroUed, fruit 

^ a^cremocarp XTmbeUifercey 78. 

B. .Privation of petals valvate, fruit 

« abeflrjr... AraUacm,7^. 

4. JButivation of petals valvatei 

a draper .;. V/. 80 . 
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II. Monopetala 0 (oyary inferior). 
a. Anthers distinct, stamens adherent to the 
corolla. 

f Ijeaves opposite, with small interme- ‘ 


diate stipules, or whorled with equal ' 

stipules RubiacecBy 82. 

** Ijeaves opposite, without stipules. 

1. Stamens opposite the petals Loranthacecp, 119. 

2. Stamens alternate with the petals. 

Ovary many-celled, seeds albumi- 
nous CaprifoUacece, 81. 

Ovary 1 -celled, seeds albuminous . DipmcecHy 84. 
Ovary 1-celled, seetls exalbuminous Valerianacece^ 83. 
Leaves alternate, without stipules .... CampanulacecBj 87. 
h. Anthers distinct , stamens hypogynous . . {Vacciniea)^ 88. 
c. Anthers coherent (syngenesious). 

* Flowers collected into capitula Compositce^ 85, 

Flowers solitary, irregular Loheliacccej 86. 


Some polypetalous (yalycitlorm have the stamens inserted at the very 
base of the calyx, so as almost to resemble Thalainillorae, as in Legunii- 
nos;pe and Portulacac^ie. Apetalous genera and species occur here also, 
among the Leguminosje, Rosacem, Myrtacem, Haloragacein, Rhamnaceae, 
Celastraceae, Lythracoie, Portulacacete, Saxifragaceae, Loranthacem, &c. 

, • 

C. COROLLIFLOR.®. 

1. Flowers regular. 

^1 (Stamens hypogynous, anthers dehiscing 


by pores Ericacect^ 88. 

Stamens hypog} nous, anthers opening by 

slits) 16. ,.i. 


nil Stamens adherent to the corolla, anthers 
dehiscing by valves. 

a. Compound ovary not deeply lobed exter- 
nally. 

* Stamens alternating with the teeth of 

the corolla. ^ 

1. Stamens mostly 5, rarely 4 or G. 
t Seeds ^Xalbmiiinous. 

Embryo with plaited cotyledons CmvolvidaeecBf 102. 
Embryo without distinct coty- ^ 

ledons ...... f . . (CiimUeco), 102. 

tt Seeds albuminous. 

Leaves opposite, without stipules Gelkianacea^ 98. 
Leaves opposite, with stipules . Logamace<sBj 97. 
.Leaves altemate; capsule 2- « 

celled (rarely many-celled) . . S^Unacm^ 103. 

2. Stamen$ 4 or 1, corolla membra- ' 

naceous . iihu ii Eiantaginaem^X* 

3. Stamens 2 ...v.i* Oka€ 0 eff 8 l^. - 
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** Stamens opposite the teeth of the 
corolla. 

1, Ovary 1 -celled, 1-ovuled PlmnhaginaeeaBj 92. 

2. Ovary 1-celled, many-ovuled,with 

a free central placenta PrimulacecPy 03. 

h Ovary of 2 more or less luiited cai’pels 
(separatin*? in the ripe fruit), with 
stigmas confluent. 

* Stigma discoid, free ; stamens distinct, 
pollen pulverulent, aestivation of co- 


rolla contorted Apocgnacecpf 99. 

** Stigma 5-angled, anthem adherent to 
the stigma, pollen waxy, sestiviition 

of corolla mostly imbricated Ascfe^tadacccej 100. 

c. Ovary deeply divided into 4 lobes, sepa- 
rating in the ripe fruit Boraginavete^ 104. 


II. Flowers irregular; perfect stamens almost 


always less than 5, often didynamous. 

^ Ovarv' deeply divided into 4 lobes, sepa- 
rating when ripe Labiatcpf 105. 

Ovary not separating into lobes, 

o. Ovary 2-4-celled ; seeds solitary or 2 in 

each cell .* Vei'henacoce, 100. 

h. Ovary 2-ceIled ; seeds winged, many in 

eacli cell, exalbuminous Bignoniacccr^ 108. 

c. Ovary 2-celled,-. seeds wingless, attached 

to hard placental processes, exalbumi- 
nous; bracts mostly large Acafithaceary 107. 

d. Ovary 2-celled, seed albuminous ^^craphulariaceff*, HI. 

e. Ovary 1-celled, with parietal placentas, 

seeds albuminous. 

1. Leafless panisites Orobanchaeerr, 110. 

2. Leafy plants; calyx half adherent. . 109. 

f. Ovary 1-celled, with free central plac^uita ; 

stamens 2, anthers 1-celled, seeds with- 
out albumen Lentilmlacvfp, 112. 


Some EricaceaB, Priraulacem, Plumbaginacese, kQ, have polypetalous 
corollas and hypogynous stamens. Some l^rimulacem and Oleaceic are 
apetalous. 

t 

D. jMo:?OCHLAMYDEiE, 

A. With a distinct whorled perianth. 

I. Flowers perfect (with stamens and pistils). 

% Ovary superior, 
a. Ovary 1-celled, jl -seeded. 

♦ Leaves stipulate, ochreate Polygomcea^ 113. 
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** Lpav(‘s exBtipulate. 

1. Anthers bursting by lid-like 

valves 

2. Anthers bursting longitudi- 

nally. 

t Peiianth long, tubular. 

J Perianth forming a liard enve- 
lope to the fruit 

Perianth not hardened. 
Stamens in the points of the 
segments of the perianth . 
Stamens in the tube of the 

perianth 

tt Perianth short, segments sepa- 
rate nearly to the base. 
Stamens opposite the segments. 

Flowers with bracts 

Flowers without bracts . . 

h. Ovary composed of several carpels, 
s(»parate or combineid into a 2- or 
many-eell(*d ovary. 

* r. eaves (jxatipulatc 

Leav('s stipulate 

IfH Ovary inferior. 

a. Ovary 1 -celled 

b. Ovary 3-0-celled 

II. Flowers diclinous. 

% Ovary superior. 

a. Ovary 1-celled, 1 -seeded. 

* Leaves exstipulate. 

Perianth tubuloi’ 

Perianth short, segments deeply 

divided 

** Tjeaves stipulate 

b. Ovary many-celled. 

* Leaves exstipulate. 

Ovules suspended • 

Ovules ascending 

** Leaves stipulate. • 

Flowers in catkins ' 

Flowers not in catkins 

Ovary inferior. 

* Leaves exstipulate. 

Flowers in catkins. 

Leaves alternate . . . .' 

Leaves opposite 


ZauracecBf 117. 


Nyctaginaceoiy 114. 


ProteacecCf 123. 
TJiymelacece, 121. 


Amarmvtacece, 115. 
ChenopodidcecBf 116. 


Phyiolaccace(B, p. 339. 
IJlmaciY^, 127. 


Santalacecey 120, 
Aridolochiacexej 137. 


Myndic€i€e<Bj 118. 

Chmopodinceoiy 110. 
XlrticacecOy 125. 


EuphorbiacefP, 1 24. 
Empetracexe, p. 340. 

Betulacerey 131. 
EupfiorbiacecCy 124. 


MyricacecBy p. 356. 
JuylandacetBj 129. 
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** Leaves stipulate. 

1. Fruit in a ciipule Ct/jMfera*, ISO, 

2. Fruit naked. 

Fruit simple (BeffOHtace(e)f 7«3. 

Fruit jnultiple (sorosis) .... \Artocaf'pe€e)y 12(>. 


B. With perianth in the form of bracts or ab- 
ortive. 

I. Flowers hermaphrodite. 

Ovary 1-celled, 1 -seeded ; ovule erect . . Ttperaceaj 134. 

II. Flowers diclinous, 
ci. Ovary' 1-celled. 

♦ I^^aves exstipulate ; flowers in catkins Myricacea^p.^bry. 


** Leaves stipulate. 

t OyBles numerous, seeds comose. . . . Salu acenpf 132. 
tt Ovules kflitary or twin. 

Ovule erect* Mi/ricaceety p. *355. 

Ovule pendulous PUitanacecCy 128. 

b. Ovary 2- or more-celled. 

!>iiits usually tricoccous Euphorhiacv(Py 124. 

Fruits indehiscent, seeds peltate .... Callitrivhaceay p. .359. 


Apetalovs Jtoxvers 

occur by abortion in tluf following Orders : — 

A. ThalamiJhrtB : Ranunculaceae, Menispermaceac, Papaveraceae, Cary'O- 
phyllaceae, Sterculiaceae, Tiliaceac, Geraniacete, Kutace®, &c. 

B. CalyciJlor<p : Celastracefe, Rhamnacefe, Leguininoste, Rosacea), Ly- 

thraceae, Mvrtacea;, Ilaloragaccje, Cucurbitacea), Fassifloraceoe, Por- 
tulacacea&j feaxifragacece, Loranthacea*, &c. 

C. CoroUiJlorae ; Oleacess, Primulacepe. 

D. The affinities of the Order ^Myristicacea) are to the Thalamiflorte ; of 

the Begoniaceae to the Calyciflorae, such as Cucurbitacea). 

Class, 2. Monocotyledones. 

Subclass 1. Flowers with a double 3-mero\i8 
petaloid f rarely scaly) perianth, or with 
a green 3-merous calyx and a petaloid 

*3-nierous corolla A. rdahidea (372). 

Subclass 2, Flowers without a perianth, or 
with a few^ scales or bristles, the whole 
arranged on a spadix naked or enclosed 

in a spathe B. Spadidfiores (365). 

Suhdaas 3, Florets envelo|)ed in irabri- 
" cated, mostly keeled, green or brown 

ictdea^ not in regular whorls C. Glurnj/iara (895). 



ANALYTICAL TABLE OP OBDEKS. 


463 


A. Petaloideae. 

I. Ovary superior. 

a. Flowers perfect. 

* Seeds exalbiiminous 

** Seeds albuminous. 

1, Perianth scale-like. 

Leaves pinnate or palmate 

Leaves grass-like 

2. Perianth petaloid. 

Fruit capsular, septicidal; stamens 

0, extrorse : 

Fruit capsular, loculicidal ; stamens 

G, introrse 

Fruit a succulent berry 

h, blowers diclinous 

II. Ovary inferior. 

a. Flowers diclimms. 

Leaves with netted veins, seeds albuminous 
Leaves with pai-allel veins, seeds exalbu- 

minous 

h. Flowers perfect. 

Flowers regular. 

1. Stamens 3, extrorse 

2. Stamens G, introrse. 

Leaves hard, channelled, often scurfy; 

calyx and corolla mostly distinct. 
Leaves soft ; perianth uniform .... 
** Flowers irregular. 

1. Stamens 5 or G 

2. Stamens usually 1, free. 

Anthers 1 -celled, tilament petaloid . 

• Anthers 2-celled, lilament not pe- 

taloid 

3. Stamens 1, sometimes 2, gynandrous. 


B. Spabiciflobje. 

1. Flowers on a distinct spadix. 

«. Leaves mostly netted-veined, spadix en- 
closed in a large spathe, perianth absent, 

fruit succulent 

b. Leaves parallel-veined, broad and grass- 
like. 

* Stamens very short, perianth a few 

scales 

** Stamens on long hlameiits, perianth 
scaly or hairy 


AUsniace<sB, 155 

Palmacea, 138, 
Ju7icace(Bf 145. 

MelanthacecBj 144. 

LiliaceiOy 143. 
^milacece^ 142. 
{Smilaciks), 142. 

Dioscoreacettif 141. 
lIydrocharidiice<SBj 154. 

Irid^e^Hf 152. 

Bronieliacece, 153. 
AmaryUidacece, 151. 

MttsacecCj 160. 

Mflrantace€ey 149. 

Zingiber €u:e€^y 148, 
Orchidace<By 147. 


Aroideoif 140. 

(Acore<r)f 140. 
PyphaoetBy p. 369. 
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II. Flowers on a spadix reduced to a short po- 
d ancle, nakea or surrounded bv a spathe. 

a. Seeds exalbuminous Kaiadacece, loil 

b. Seeds albuminous. 

Stem and leaves blended in flat floating 

fronds . , Lemnaccte^ p. ^>7 1 . 

C. Glumiflor.®. 

I. Stem solid ; leaf-slieaths tubular, not slit ; 

^lume 1, the flower in its axil; embryo 

basilar, within the albumen Cifpernce<c^ 15.^. 

II. Stem fistular; leaf-sheaths slit; flumes 

mostly in pairs at the base of a spikelet, 
of 1, 2, or several flowers; embryo basi- 
lar, outside the albumen Grmninaceefi, 157. 

Div. II. Gymnospermia. 

I. Stems branched, resembling Dicotyledon.'^ : 
leaves simple. 
a. Stems continuous. 

Fertile carpels several in a cone Piintcvfiy lot). 

Ovule .solitary, surrounded by, scales. . . . Taxticetr^ 1(K). 
h. Stems jointed . ! (uwfacefej 161. 

n. Stems simple, resembling Palms ; leave r 

pinnate 1 Cycadace€P^ 162. 

Series II. CEYPTOGAMIA— PLOWERLESS PLANTS. 

Div. I. With stem and leaves distinct ANrriosT»OR.i3. 

Div. II. With a tjiiallus Gymnospor.jf:. 

Div. I. Angiospor®. 

I. Plants with well-developed foliage. 

a. Fructification on the lower surface or edges, 

or on metamorphosed lob<*.s, of the leaves, Fdicen^ 167. 

1. Sporanges with an annulus, dorsal or 

marginal, splittingJiTegularly ...... {r*dypi}dix€t)^ 167. 

2. Sporanges without an annulus, dorsal, 

connate, splitting regularly by a ven- 
tral slit (Marnttiefp)^ 167. 

3. Sporanges with an ob.^^cure annulus, on 

metamorpjbosed pinnfe of the leaf {Onmunde^e), 167. 

4. Sporanges without an annulus, distinct, 

2-valved, on the margin of metanior- 

lohea of the leaf {Ophiwjlotn^etp)^ 1 67. 
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h. Sporangcs in the axila of imbricated 
leaves, or of bracts forming terminal 
spikes. i. 

1. Creei)iiig plants with elongated stems 

clothed with imbricated knaves; spo- 

rangea scattered or in spikes Lycopodiace€ej 164. 

2. Plants with a corm-like stem bearing 

a tuft of sessile, leaves with sporanges 

imbedded in their axils Iso'etace<p, 165. 


Sporanges in stalked spore-fruits, arising 
from tlie creeping or floating rhizome 

near the ba.ses of the leaves or petioles. . 3Iar8ilc(icecp, IG^l. 
d. Minute tufted or creeping plants with im- 
bricated leaves and stalktnl or sessile 
urn-shaped or oval spomnges arising 
out of a vagiiiule or iiivolucral shcatli. 


* Leaves mostly spirally imbricated ; spores 
without olat(‘rs. 

1. C'apsules with a ct)lum»dla, with an 

opi'rc Ilium or indehiscent liryctcefB, 1G8. 

2. (^ipsiiles with a columella, btirsting 

Ijy 4 lateral slits Andra^acect, 170. 

Leaves distichous, capsules splitting 
into 4 valves, spores mixed with elaters Junyermonmace<Bj 171. 


11, Plants with abortive foliage, consisting of 
simph* or verticillately branebed, jointed, 
listular stems, with whorls of teeth (leaves) 
at tlie joints Equisetacees, 100. 


III. Iiieon.spicuous plants with a gi’ecui thalloid 
frond with or without a midrib, bearing 
vagiunlat<‘ sporanges immersed or stalked, 
or peltati' receptacles with numerous spo- 
ranges. 

1. Sporang(»s immersed or sessile, bursting 

irregularly, without elaters 

2. Sporanges as in Jungerinanniacea* (ride 

supra ) 

6. Sporanges pod-shaped, 2-valved with a 
collumella ^ . 

4. Sporanges nnmeroua, on the underside of 
peltate stalked receptaedes arising from 
the sinuses of the frond 


Riccicce, p. 426. 
Junyerinauniacea^^ 171. 
Anthacerote<JCy p. 424. 


Marchafdiace<B, 172. 


IV. Aquatic plants with veHicillately branched 
steins composed of tubular filaments, root- 
ing; fruit consisting of solitary ovate spores 
(nucules) and globular 8-valved antheridia, 

attached to the whorled branches Characete^ 173. 

X 5 
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Dir. IL Oymnospcm (Thalhphytts), 

Aquatic plants, with a coloured thallus, ^row- 
ini? in water or on damp prround, leal-like, 
tilamentous or granular ; fruclitication sub- 
merged A1g{Bf 428. 


1. Thallus leaf-like, tilamentous or incriisting, 

mostly red or purple ; fructification scat- 
tered or in receptacles, consisting of 
spores, antheridin, and tetraspores HhofiospermecPy 174. 

2. Like the preceding, but olive or brownisli Dictyotuceepy p. 4»‘54. 

3. Thallus leaf-like, cbrd-like, shrubby or 

filamentous, mostly olive or brown ; fruc- 
tification in conceptac'les. collected in re- 
ceptacles ; conceptacles containing either 
spore-sacs or antheridia or both 175. 


4. Olive-c<doui*ed or brown Seaw-eeds, with 


superficial or terminal spore-sacs pr(^du- 
cing ztxispores with 2 cilia, one pointing 
forward, the other backward P/urosjwn (P, 17(>. 


0 . Thallus usually green, mostly filamentc'us, 
or consisting of cellular masses imbeddial 
in definite or indefinite jelly ; fruclitica- 
tion occurring in all cells, consi>ting of 
gonidia, active (zoospores) or motionh*SxS, 
and spores which are matured in parent 
cells after conjugation or fertilization by 
spennatozoids ; Confervoulttpy 1 77. 


0. Filamentous plants, composed of jointed, 
sheathed filanumts, simple or combined 
into bundles in a common sheath, often 
with a spoTitaueous o.scilJating motion . . Oscillator iacece, p. 

7. Unicellular plants with angular , or vari- 
ously curved walls, free or a.S 80 ciute<l in 
definitely arrangtxl families, multiplied 
by fission, by zoospores, and by spores 


formed in sporanges re.sulting from i on- 

jugation ThatomacP€py 178. 

a. f Jell- wall membranous, content.s green . {Iksrnidieco), 178. 
h, Cell-w'all imbued with silica, contents 

brown (Diutmne(p)y 178. 

Globular or quadrangular hyaline inicrt>- 
gcopic aquatic bodies, containing^ green 
zoospore-like bodje.s whose cilia project 
from the surface of the common envelope 
and it about Volmcinea:, p. 440. 


il. Plants growing over rocks, bark of trcies, 
earth, &c., attached by hair-like fibrils; 
tbaUua leatheir, crustaceous or pulverulent; 
fruit sitpe^ciai or immersed in the thallus Lichenacem^ 179, 
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III. Plants with a cottony thidlus or mycelium 
devoid of chlorophyll or starch, growing in 
living or decaying organic matter; fruits 
distinct from tlie tliallus, on a more or less 
developed receptacle 

1. Fungi with distinct fleshy, homy, or gela- 
tinous fruit of definite form, consisting 
of a common receptacle developed in the 
interior of a dehiscent or indehiscent sac 

or peridium 

F migi witli distinct fleshy, horny, or gela- 
tinous fruit, consisting of a naked com- 
mon receptacle bearing the spores 

ti. Fungi with a distin(!t or obscure fruit, 
often immersed in the supporting object; 
hollow conceptaeles or open discoid re- 
ceptacles lined with asci or stylospores. . 
4. Microscopic Fungi, forming mildews, &c., 
consisting of a flocculent thallus with 
numerous erect branched or simple fila- 
ments hearing acrogenous spores or sacs 
filled with endogenous spores 


Fungij p. 443. 

Agmicacea, 180. 
Exidiacea^ 181. 

SphariacetBy 182. 

Botrytacece^ 183. 
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PART III. 

PHYSIOLOGY. 


CH.\PTER I. 

PHYSIOLOGICAL ANATOMY OF PLANTS. 

Sect. 1. The Strccturk of Plants. 

0.59. The Physiolopry of Plants is that department of Botany wliieh 
treats of the phenomena of the Life of Plants, inanifestod in a series 
of ehanjres taking place in the diverse parts of which each plant 
composed. 

Tliese parts, as we have already seen (Morphology, Chap. T.), 
are not simply fragments, combining to increast* the bulk of the ob- 
ject (their size alone having no definite relation to that of Un* 
entire plant), but they are instnnnents, variously occupied in ])or- 
fomiing the different functions, the? continuous operation of wldch 
indicates the existence of Avhat we call Life. These instniiuents 
ai;e called Dry am. 

The external characters of the Organs of plants, gencrnllv, hav»* bcfui 
described in the First Part of this work, and a summary indication of 
their functions has Ix’cn conveyed by their classifif*ation under the; hcad?^ 
ofYegetative and Reproductive Organs (5 19). But the object of the 
Morphological chapters was to |K)int out the conditions and relations of 
Form, as producecl by the external shapes of the individual organs and 
their modes of combination. Here we haxe to examine the phenomena 
of Vitality, as displayed in the changes they nreseht in the cotu^e of th(‘ 
DeTelopment, Growth, and Multiplication of Hants. 

In tie pursuit of this ifiquiiy, it is .soon found that we cannot go far 
withoat penetrating more deeply into the characters of Organs ; for it is 
quickly perceived, as might Ik* L»‘athered even from the manifold variations 
on each type di^oyered in the study of Morphology, that mere external 
form ia no sure indication of the nature of the vital functions performed 
by the oip^ans of plants, and that the phynological character or an organ 
is dependent In great part upon its internal composition, or, at least, that 
the existence of a partieuw intern^ structure chieily deteniiines the 
functioD of a# otgan. 
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560. The physiological Organs of plants are themselves composed 
of a number of parts, which again exhibit a kind of completeness 
of their own, and a relation to the organs analogous to the relation 
of the latter to the entire plant. These ultimate parts of organic 
bodies, arrived at long before we reach the limits of the possible 
mechanical divisibility of the objects, constitute the atoms,” 
physiologically speaking, of plants, and aic called the Elementary 

When we proceed to subdivide by mechanical or chemical means the 
siibstancci of the vegetative or reproductive organs, we resolve it into a 
number of niicrosciopic vesicles and fibres ; a^d then, if .we attempt to di- 
vide these further, their distinctive character is lost, and thev become 
mere fragimuits of vegetable matter, only certainly recognizable as of 
organic origin by tbeir chemical composition. Under certain limitations, 
we may compare a plant, or an organ of a plant, to a crystal. Each has 
its definite cnaracter by which it is possible to distinguish it from any 
other object. Eut we might pulveiize the crystal, and yet any one frag- 
ment of suflicient size for operation would display to the analyst all 
the chemical qualities of the entire crystal ; and if we dissolved "such a 
fragment and crystallized it upon a slip of glass, we should perceive by , 
iiu'uns of the microscope that it solidified into a miniature representation 
of the original crystnl : moreover, if we then collected all the fragments 
and dii*solved them, we might by careful evaporation reproduce a crystal 
exactly like that from which we started. 

In Vegetables in Animals) the case is entirely different. When 
we cut a plant iji pieces, tlie parts will differ not only in fonn but in 
structure, and bear no longer any recognizable relation to each other; 
we cannot reproduce the plant from them, and even the chemical ex- 
amination qf aiflereiit fragments may give most diverse results — ultimate 
analysis alone, by which they are resolved into their mineral elements, 
arriving at the detection of a common bond among them, that of being 
formed of coiiipouiids which we only meet with in organic matters. Alcove 
all. in the act of subdivision, although this may be carried to a high de- 
gr<‘e ill plants without destroying life (even sometimes within the limit 
of single organs), beyond a certain point it results in the annihilation of 
the especial force, the organizing or vital principle, hv which the oigans 
were made to combine their activity to produce the aistinctive character 
as an independent individual object. 

561 . The diversities of form and consistonce of the Elementary 
Organs give rise to all the differences of physical condition in the 
orgaiis of vegetation and reproduction ; and ^1 those changes which 
collectively constitute the Life of plants depend on the combination 
of a multitude of minor operations which have their seat in the 
elementary organs, siugly or as combined into tissues. The study 
of the Elcmentaiy Anatomy is therefore the only secure foundation 
upon which to build the Physiology of Plants. 

562. The elementnry oryan$ of plants are all referable to one 
primary type, which is not only rccoguLtable through a comparison 
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of the fully developed modifications, but is found 4;o be the form in 
which all originate. 

This fundamental organ of vegetable structure is called a Cell, 
and may be defined as a ch$ed sac composed of solid membrane and 
filled with fluid or semifluid tmitter. 

It must not, however, be overlooked that living plants can exist, at 
least for a time, without any boun<ling cell-membrane. The perfect cndl 
is taken as the fundaraentjil organ for convenience’ sake, and because 
it presents a definite foi-m ; it is not to be regarded as the ultimate 
structural unit, because detached fragments of it are capable of in- 
dependent existence under certain circumstances. 

The form of the sac, and the consistence of the membrane of which it 
is composed, are points of subordinate importance ; the condition of the 
fluid contents and their more or less hclcrogeneous character are liktJ- 
wise without influence uptm the definition of the p<‘rfect cellfia the priinnrv 
element of the organic structure of plants ; in which the absolutely esstui- 
tial characteristics are — the existence of a membrane or coat ibnning the 
boundary of the individual cell, and the intents, isolated by this boundary, 
on which depend the physiological efliciency of the cell. 

.5(53. The ceU is the elementary organ of vegetable structure, but 
is not the smallest or most simple definite form in which organic 
matter may exist in plants. In the contents of cells we find granules 
of various kinds Ac.; and also fibres ; the former, however, are not 
direct consti^ents of tissues, but occur only amowf the contents of 
cells, ds more or less transitory conditions of assimilated matter ; 
while th% latter merely form parts of the structure of the cell- 
membrane. 

Under the h^ad of thc\se granules, we compn;hend ch!ofophvll-cor- 
puscles, starch-grains, iSce., tog«*ther with filamentous bodies like the 
' sperraatozoids of the higher Cryptogamia &c. Mtuiy authors describe 
also what are termed utricular structures, minute cells within the cells ; 
but considerable doubt exists as to the essentiality of the cavities which 
render some of the granular” bodies vesicular, and, in any case, the coat 
of the hollow gi*anules luis no analogy to the wall of a true cell, since 
it is the active and efficient part of the utricle.” Further notice of these 
‘structures is reserved for the description of nuclei, chlorophyll, Ac. 

In regard to the fihren, those which were formerly regfurdeii as distinct 
from the glembrane of the cell are merely thick^c*d portions of the wall, 
depending on what ar(.> called secondary deposits. 

564. Plants of the lowest organization consist of the ultimate or 
dementary organs in their simplest forms, and may even bo so 
simple as to consist of a single elementary organ or cell. A step 
bigW, we find plants composed of a few cells connected together 
into a definitely arranged group in their earlier period of existence, 
and snbsc^nently separating entirely into the constituent cells, each 
of which foundation of a ne^ colony. 

Exampleii of Unicellular plants^ ifi stricter smse of the word; are 
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furnished by the frpe BesnMie^ See., such as Closterium (fip. 462, B, c) — 
of the faiuilies of essentially independent cells, also incluaed under the 
iiaine of Unicellular plants by some authors, by the geometrically grouped 
Damidie^n (tig. 462, u, a) and the PalmeUea. 

By far the greater part of the sjjecics of plants are composed 
of an indefinite number of cells permanently .combined together, 
fonniiig what are termed the tissues. If the cells entering into the 
composition of a tissue are essentially alike, they form a simple tissue ; 
if cells which have undergone modifications which give them an 
essentially diverse character are comhined in an anatomically weU- 
defined tissue, this is called a compound tissue, 

111 the Alga‘, especially the simpler membranous or filamentous forms, 
we may readily s<?e the uniformity of the character of the cells throughout 
\\\i^ thallm (p. 427j; the same uniformity prevails through the cells of 
such tissues as the pith of iJjcolyledonous stems &c. But if we examine 
tile wood suiTounding this pitli, or even the ribs running into the leaves, 
W(‘ find a variety of comlitions of the elementary organs within the well- 
(Icfiiud limits of th(‘So portions of woody tissue. 

The simple tissues of plants are divisible again into two 
primary groups, according to the mode of union of the constituent 
cells. In ]iroper Celhdar TlssueSy ihe cells, however firmly coherent, 
are only in contact by their walls, which form a persistent boundary 
between them. In a scries of tissues most extensively developed in 
plants of high organization, the cells enter into closer relation, be- 
<‘oniing confluent by the absorjition of their contiguous surfaces, 
and thus converted into more or loss extensive tubular bodidt, which, 
ill their various conditions, form what are called the duets and vessels 
of jihints. These constitute the Vascular Tissues, 

What are calh^d the vcssids of plants are really compditttid elementary 
organs ; but it is not i-e<[uisite to enter into more minute distinctions here, 
since the phenomena oi fusion of ctdls into such compound organs are not 
very varied in plants, and in all ca.'^es the composition of the structure 
from a number of di.stiiict cells is very evident. 

507. The tissues, simple and compound, enter into the compo- 
sition of the Organs of Vegetation and Ucproduction of Plants upon 
a certain general plan for any particular kind of organ, but under 
specially moclified arrangements, referable to a progressive foriea of 
typos, in the several large Cksses of the Vegetable Kingdom. 


Sect. 2. The Cell. 

Form and Magnitude. 

50f^. The shapes and sizes of the cells of plants are determined 
by causes of two kinds, nameljt-^eir own laws of growth, which 
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are inborn and hereditary ; and the favourable or obstructive influences 
which bt^ar upon their development in each particular case. 

As a general statement, it may be said that the primary form of* 
the Vegetable Cell is that of a sphere ; and that deviations from that 
type are more or less attributable to secondarj' influences, arising 
from the connexion of cells in coherent grou])s. 

The spherical form is usually found in cells Jt^veloped fi*e(‘ly* /. e. not 
arising Irom mere subdivision of a preexisting ctdl. Thus we find em- 
brvonary cells and endosperm-t^elli in the embryo-sac of Plianerogamia, the 
sp(^res of some Ciyplogainia. together with many of the low(?r plants com- 
posed of one or few ceils only, such as those of growing Yeast (fig, 408, a ) 
&c., presenting the spherical as the original form. Jhit by far the most 
fre<piently occurring spherical cells, such as many pollen- grains, spores, 
those in the pith of vuung shoots of Dicotyledons, of the pulp of fruit, Xc., 
assume this lorin siibsecpieatly to the earliest stage of development, being 
placed in circumstances which allow tlnuii to expand freidy according to 
their natiu-al tendency. 

509. The above general statement is subject to certain^important 
exceptions, in which deviation from the typical form exists without 
any interference with the development of the cell according to its 
own laws; these are met with principally in the lower cellular 
plants, esj)ccially the Unieellular Algie, in which we find single free 
cells assumiug the most varied but specifically determinate forms. 

Examples of this are oflertnl not only by the I)esmidu(/>^ but by the 
more uiiequivcx'ally vegetable i'ancherue, lUftrydium (fig. 4($2, k), and 
others. * 

570. The interfering influences above referred to are of two prin- 
cipal kinds, namely : — special directions assumed in the devcdopinent, 
in obedience to a law regulating the structure of the organism, or of 
the tissue, of which the cell forms part ; and obstruction to the pos- 
sibility of expansion in certain directions, from the pressure of sur- 
rounding cells. 

These influences are very fruitful in producing variety of form. The 
first kind is the most important, and determines the general form of the 
cell ; the second in most cases affects merely the shape of its external 
surfaces. The form of the cells of fully developed tissues is usually the 
result of^th kinds of influence combined. 

571. In cells existing in* combination we find three principal classes 
of forms, refeitible purely to the influence of the law of development : — 
(1) the spheroidal, obedient to the fandi^mental ty|X5 ; (2) the cylin- 
drical, in which there is a more or less con^derable tendency to elon- 
gate in the direction of a vertical axis ; and (3) the tabular, in which 
there is an excess of development in the direction of the two trans- 
verse axes. 

The spheroidal form presents every possible transition from the sphere 
(ProtococeuSj paUm of BSbis^^ cells of cortical parenchyma 
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470^ &c.)t throiigli the ellipsoidal (usual in longer or shorter forms in 
the sulwpidermal parenchyma of leaves), to the fusiform or spindle^shape 
(most abundant in the cells of wood and fibrous structures, fig. 471), and 
the truly cyhtulnml, either of moderate length (cells of Conferv 0 B,^g, 
4(i5, &c.), or drawn out so us to become what is termed filiform (cotton, 
aiul other <‘t?llular hairs). 4'he spheroidal form also passes gradually, 
esp(‘cial!y in epidermal tissues, into the tabular foim. 


Fig. 470. 


Fig. 471. 



Fig. 472. 





\; 




Fin. 470. Meronehyraatous cells of the riml of Evphorbia cnnarienfM. Mai^n. 100 tUani. 
Fitf. 471. Liher-cefls of CtocM 6o/rjfoj>Aom. >ragn. 50 di^m. 

Pin- 472 . PartMichyinatous eclls from the hnif of OrchM nta*eulo. Mlafpi. 200diai«. 


572. Secondary modifications of these forms arise chidly either 
from partial cohesion in lax tissues, from irregular growth, or from 
pressure in den-sely j)acked tis.sues. 

Thus the spheroidal form becomes, m lax tissues, an irregnJur spheroid 
in endless varieties (commonest iji all in the parenchyma of leaves and 
rind of succulent stems), running out by degrees into lobed and finally 
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stellate forms, by exclusive development of the free, surfaces while the 
contiguous cells "remain attached at a few points, e, g. in cells of the partm- 
chyma of leaves and leaf-stalks of many Monocotyledons (fig. 472), 
Saaitiaria (tig. 473), <S:e., and above all in the pith of Rushes (tig. 474 ), 
ana the stems of various aquatic plants. 

Tlie mutual pressure of cells, commonly exerted in stems, in seeds, 
hard parts of fruits, &c., converts the spheroidal into polygonal forms, of 
which the more or less regular dodecahedron or tetradecahedron^ giving an 
hexagonal section, and arising from equal pressure in all direction.s, is 
perhaps the commonest (pith of fully developed shoots of Dicotyledons, 


Fig. 473. Fig. 474. 



Fig. Section jpf a septum of an air-canal in tlie ix-tiole of ^tigmaria, Magn. .'100 diam. 

Fig. 474. Stellate cellular tissue from the p<»tioie of Rush. Magn. 300 diani. 

Fig. 475. Stellate hair from the petiole>(f>f Nymphtea aJvma, Magn. 200 dtam. 

such as Elder, &c.), or cubiCf found in woody fruits, &c. The cylindrical 
becomes under the same 'circumstances primatic^ either six-sided with 
flat ends, or with three rhombic faces at top and 'hottt>m, the common form 
of the cellular tissue of the stems of herbiceous stems (fig. 470)^ or 4-sided 
with flat ends, as in the medullary rays of IMcotylcdons, or with conical 
or oblique ends, the common form of wood-cells. I.»es8 frequent are the 
forms of spores and pollen-grains, sometimes only temporary, sometimes 
permanent, arising from the development of four cells W segmentation of 
a spherical parent cell ; these sometimes appear of the form of quarters of 
an orange, somatimea as Utrahedm, th^ curved surface forming the base of 
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the p\]auud. In the tabular forma of the cell, the mutual pressure uene- 
mily coiilirnis an originally rectangular ligure, the tabular cells of epi- 
dermis and cortical structure being usually of quadrangular or polyan- 
gular hgure, flat above and below (tig. 475) ; but in these wfe have some- 
tnnos a coinphcation from expansion, under pressure, principally in certain 
di lections, cells of epidermis of many plants exhibiting side- walls thrown 
into sinuosities following a particular pattern (fig. 478). 

573. By far the great majority of cells in tl;e higher plants origi- 
nate in forms analogous to those produced by pressure, since they 
multi j)ly by division, and the septa dividing two newly formed cells 
have ordinarily plane surfaces (fig. 477) : a spherical cell forms two 


Fig. 476. 



Celia of the pith of Aaintkus moUif^ seen in % Tertioal section. Majpi. 200 diam. 

hemispherical cells &c.; a prismatic cell dividing perpendicularly, 
two half-prisms, or, if horizontally, two supcriwsed shorter prisms, 
&c. As a general rule these ceils have a tendency to assume the 
spheri cal (or cylindrical) form jhi their earlier stages of growth, while 



476 


PHYSIOLOGY. 


the whole mass of tissue is lax ; and if they are set free, as in tlu‘ 
Oiise of spores, pollen, &c., they often become quite apheri(;al. liul if 
they form part of a permanent tissue, the expansion of the organ of 
which they form part stops at a certain point, before they cease to 
swell, and thus the mutual pressure comes to bear upon them and 
causes the production of plane surfaces. 

We may trace this by makiuor sections of the pith of a shoot ot‘ Elder 
from the growing point or punctum vepetatioma downwards : at the point 
the nascent cells are squarish ; lower down they have swollen into sphe- 


Fig. 477. Fig. 478. 



Fig. 477. Young jiroth-'illinra developed from the spore of a Fern nerrulafn). 

M»gn. 200 dinrii. 

Fig. 473. Epidermis of the lower surface of the leaf of Kelleboru* /.etuhif, with ntonmtn 
(a). Haga. 200 dtam. 

rical, while when full-grown they are dodecahedral, Tlie similar change 
from cylindrical to prismatic takes place in the vamhium-velU of annual 
stems and shoots ; but in succeeding years the cambium- cells formed by 
division of preexisting cells exhibit a rectangular outline first and last, 
only increasing in diameter, chiefly in a radial direction. 

574. The magnitude of cells is very varied. About of an 
inch may be taken as an average of the diameter of parenchyma- 
cells ; the cylindrical cells are especially remarkable for the great 
length they often acquire as contrasted with their transverse dia- 
meters, and with the transverse and perpendicular diameters of other 
forms. 

The larger colls of the pith of the Elder are about of an inch in 
diameter, but is to be regarded as a large diameter in parenchyma. On 
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tlio other hand, the spores of Fungi afford examples of extremely minute 
dimensions, such as an inch. The cylindrical cells of 

wood are not uncommonly of an inch in length ; liber-cells sometimes 
from /.j to i , or J of an inch (Flax). Hairs composed of one or more cylin- 
drical dills, and the cylindrical cells of some of the Oonfervae, especially 
Vdiichvriay &c., and Chara^ also attain longitudinal dimensions 

to be measured in inches, while their diameter is estimated in hundredths 
of an incli. 

The CelUwaJl 

r)7o. In all young cells the wall is of membranous nature, and in 
many cases it always retains this character. While young this mem- 
brane is freely permeable by water, elastic and licxible. As the 
cell-wall grows older it becomes -altered in consistence and firmer, 
opposing a greater obstacle to the entrance of water into its substance, 
independently of any great increase of thickness, as wc see in cork- 
C(dls ; when it increases in thickness it may remain soft and flexible, 
or become very dense, but in such cases it generally remains tolerably 
fr(‘ely permealde by water, even when most dense, while the softer 
kinds absorb water so readily that they swell up considerably when 
wi'tted. 

Membrane of living cells always appears to contain water as an essen- 
tial paid, almost like the water of crystallization in hydrated salts. When 
(Iriecl, cells contract more or les>; and many phenomena of hiu-stin^ of 
fruits, sporanges, &c. are the result of the tearing down of weak regions 
of cellular tissue hv llu* contraction of firmer tissiu'S in drying. Cellular 
tissiu's with soft thick .membrane, like those of the Alga^ &:c., contract in 
diydiig so as to cause the shrivelling of the structure. All such tissues 
abW)rl) water when wetted, and swell up again, hut do not in all cases re- 
assiiine tlu'ir (original flexibility. Cells of wood, liber,’ &c. also expand 
when wetted ; but the expansion takes place in a direction transverse to 
their axes, and tliey usually contract in the longitudinal dimension as 
tiny swell laterally. Hence, although wood and fibrous structures swell 
in water, it is only in the direction across the grain ^ and cordage simul- 
taneously contracts in tin*, direction of the fibres. 

Diluted sulphuric acid and alkaline solutions cause a swelling of the 
membrane of most cells, of which advantage is sometimes taken in woven 
fabrics to render the stuft' closer in texiurt*. Hy soaking in an alkaline 
solution, the single fibres are made to swell so as to come more completely 
into contact and fill up the interstices. 

576. Primary, unaltered ccll-mcmbranfe is colourless ; subse- 
quently it becomes coloured, usually of a tint of brown, apparently 
by inflltration of substances formed in the contents, since by boiling 
the membrane of old, deep-brown tissues with nitric acid, or with 
solution of potash, the colouring-matter may be extracted. 

577. The original membrane of a newly formed cell is, as far as 
we have the means of perceiving it, ahoinogeneous layer of substance, 
the** porous nature of which is only to ho concluded from the fact of 
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its permeability, no risible pores being revealed by the most perfect 
microscopes we possess. 

It* is important to note this homogeneity of the primary cell-wall, 
as the membrane almost alwa^'s becomes marked with dots and lines, 
indicating inequality of thickness, as it becomes thicker. 

578. This pritikary membrane appears to have the projx'rty of 
growing by what is called intussusception of molecules, since it 
expands to accommodate the increasing contents of the cell in cell- 
growth, without any indication of structure necessarily accomiianying 
the expansion. 

No better example of this can be mentioned than the growth of the 
pollen-tube of Phanerogam ia, which sometimes acquires a length of 2 
or more inches {Cactus) without ever departing from the homogeneous 
pellicular structure. 

Cell-memhrane, however, may increase in Stze by expansion, as we see 
in the cell-division of (Fjlogonium, in which a thickened ring of accumu- 
lated cellulose is stretched out by the elongating cell and becomes a tliin 
membranous coat to the latter. 

The molecular structure of cell-membrane has been studied by Nageli, 
who, from hisresearchf^s cm the constitution of the membrane of the starch- 
grain by means of polarized light,comes t<» the conclusion that all organic 
substances are composed of cnj!<talline luoUHuiles grouped in a dehnile 
manner. When dry tlie m»decules are without interspaces ; when moist, 
each molecule is surrounded by a thin film of water. Nageli hirtlier 
supposes that each mole<*ule is made up of a mimk^r of atoms, similar to or 
identical with the atoms of the chemist. The molecules are of ditienmt 
sizes ; those portions of the stnictirr© richest in water liave the smallest 
molecules. The molecules themselves are of the nature of crystals with 
two optic axes. 

579. The walls of almost all cells soon oxliibit a departure from 
the origiiial simple condition, arising from the fonuation of new 
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lamolloo, more or less resembling the primary membrane, all over, or 
over particular parts of the inside of the primai*y membrane. These 
are distinguished as secondary layers (figs. 479, 480). The consistence 
of these layers, and the mode in which they are disposed, produce 
the most important diversities of character of the walls of fully 
developed cells. 

The laminated coAdition of cell-membrane may be well observed in 
simple cellular structures by treating fragments of Cladophora glomercUay 
or oth(‘r large Confervoid, with diluted sulphuric acid. The laminsB are 
very visible in cross sections of the cells of wood and liber after these 
have been boih'd for a short time in nitric acid. 

580. Ecside.s the primary membrane and the secondary layers, we 
find in certain cases a kind of envelope which has been variously 
ox])lained by different authors. The filaments of some Confervoids 
{Spiroyyra, fig. 405), Desmidium^ &c., the families of cells of 
Pahnellete and Nostochinece^ are surrounded by a coat of gelatinous 
consistence, outside the proper cell-membrane. This appears to bo 
produced by the soltoniug and swelling up of the parent cells (of 
many generations) of the cells which are surrounded by such 
envelopes. 

* These gelatinous coats are apparently analogous to the intercellular 
suhstance, as it has been called, to be mentioned hereafter. 

581. Another layer is cliaract eristic of many cell-membranes 
which arc destined to protect the subjacent tissues, or their own 
contents, from the action of the atmosphere, namely those of epi- 
dermal cells and of pollen-grains and spores. Tliese exhibit a super- 
ficial pellicle, of varied character as to thickness, texture, and marking, 
wliich ])clliclo appears subsequently to the first formation of the cell. 
This, like the gelatinous coat just described, is a structure altogether of 
secondary character, but is distinguished from the ordinary secondary 
layers of thickening by its position on the outside of the cell-Wall, 

It is still a moot qucvstion whether these pellicles are secreted by the 
primary membrane on the outside, or are formed by transformation of the 
outer lamin® of the primary membrano itself, whose place is then taken 
by scAne of the outer secondaiy layers. This subject will be more dwelt 
upon under the head of the cuticle. 

582. The secondary formations on the inside of the cell-membrane 

may (1) correspond in character to the primary wall, in which case 
the cell-waU is simply thickened by new lamellae ; or (2) the new 
layers applying themselves equally over the wall, leave certain parte 
bare, which appear as dots, or ytte of various forms when vtew^ 
from the inside (figs. 481, a, b) ; dr (3) they are applied only over 
parts which form peculiar patterns upon the primary wall, and appear^ 
when of sufficient thickness, likej/i&res adhering to it, spiral, teuitdltejiv 
or connected into a kind of network;:. * ^ ^ 
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Those secondary" layers which resemble the primary wall, altliou» 2 ;h 
uniformly deposited, present in certain oases an appearance as ihon^h 
their molecules were airanged in a spiral order, since tine spiral stmiks 


Fig. 481, B. 



may sometimes be detected, after treating them with acids and by other 
means^ and lAany of them are apt to tear in a spiral direction. The 
excessively delicate spiral marking here referred to (seen in liber-cells of 
Vrnai (fig. 48:1) and most Apocynacete and Asclepiadacea% in wood- 
cells of in the cell-mem urane of Hffdrodidyon, A'c.) must not bt‘ 

confoimded with \i deceptive appearance re.sembling a much coarser spiral 
striation nroduced by treating the membranes of (Vmft^rva;, tlie pareii- 
chyma-celb of Orchk, Cucurhita, &c. with sulphuric acid, wlujre the 
appearance often results from the irregular convolutions of the swollen 
lamellae of the cell-wall. 

583. The unifbrm kind of secondar}’^ layers are 8ometirae.s accumu- 
lated at one side (fig. 484), or in the angles of cells (fig. 485) : thus 
they are much thicker op the side of epidermal cells next the air; 
and they fill up the angles of the cells of the fleshy endospenu of 
many seeds, the cells of the collenchpna found beneath the rind of 
ChienopodiaceaD, and the cells of the Icavc's of Nifmithra^ of some 
JiiUgerm^iiTiiacese, &c. There is reason to believe that, in some 
'instances, the cell- wall thickens at certain seasons Jind becomes 
thinner at others ; but this appearance may arisb from an alternately 
swollen and contracted state, and. hot from absorption and rc- 
depositiop. • * ' 

These wdll be spoken of again under the heads of tpuhrmia and intei-- 
edb^r Mbdanee, 

884." The deposits leaving spots of the primary membrane bare 
fonn what axe called pitted, or, less propeSly, porous cells. They 
occur on the walls of most cells of the parenchymatous structures of 
the bilker plants, in the form of round spots (fig. 476) where the 
still membranous ceU**waIl is thinner. In wood^cells, in liber-cells, 



THT5 CELL-WALL. 


481 


and the £?reatly thickened cells of fleshy endosperms, hard seed-coats, 
the apjdication of a great number of secondary layers upon 
the wall, always leaving those spots bare, converts the pits into 
canals running out from the contracted cavity to the primary wall 
(ligs. 4S(), 481). 

Tho niiivks are really always pitK at first, as may be seen by colouring 
the oell-monibraiie with iodine. Hut in old wood -cells they appear some- 
times to Ijeeome holes, hy the absorption of the primary membrane which 
Ibrnu'd a hind of dia])hragm over the outer end. 

Tln^so pitted maikings may be circular, oval, or elongated, trfinsversely 


Fig. 484. 



Fig. LilsT-coll of Periwinklt*. Magn. 7{i dinin. 

Fig. 1S3. Fragrni nt of c»*ll iJi Itg. 4»Sa, inogniatHl a(,H) diftm. (Tlie spiral lines on the oj*po- 
Btie Hide of the etdfshow through and aroda.) 

Fig. 4S4. VertieiU sei-tion of epidermis of Fierum with ntakiy thickening layers. Magn. 

4(.K) diain. , , 

Fig. 4S5. TmnHvcrse section of cells of the petiole of atba^ showing the laminated 

wall. Mngn. AOO diam. ' 

Fig. 480. Fraguieut of a pitted duct of Lixuru$ Sa*sqfm 4 , M«gn. diam. 

T 
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or more or loss obliqutly, so u to approuh to ^ •apennuMse of «Kt. 
Sometimfs tlie latir secondary deposits do not extend ouite tn tl.l , i 
of tie aperture in the earlier layers, and the »u.Tes4ve 
retreat from this edge that the canal becomes at length fiiunei-shapej • 
in this case the pit, when seen in fwnt, presents a double outline \me 
corresponding to the outer end, the other to the inner and wider’ end 
(ll>. fjstt). 

This condition mar be further complicated by the existence of a len- 
ticular deprci^ion U^tween the contiguous outside walls of pitted cells, ns 
outline of this depression gives the appear- 
summndmg the central pit. ^chacht, however, iLrts 
^ditiVn tlf 'f lU'rloration, and, further, that in the very voung 

condition the lenticidax cavity between two adjacent cells is divided into 



JL pMt of ft »Acwi /usii '* of ConifercB, 

Magn. 600 dinm, B. Tranavt-riw* 
C Fni£ni<>nt JIfthsf Hill f a. a liordorcd i>»t, at ‘'gland.” Magn, M(M) aiam. 

a, thew?* d the^WiL with a bordered jvit or ** gland : ” 

^ \ '-auavd hf the Irnticular mterB|>aoe (a). Magn. looy tiiain. 

longitudinal partition, which is the primary 
te dll a Ifoticular cavity is formed by the reWption 

of this deposit, and a conimumcation established between the two adjLnt 

Schacht calls them) are not, a* 
flio OonifetiBj.bnt they are universally 

685. A fertior complication of the pitted atrueture has, moreover, 
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been described by Von Mohl as occurring in the vasa propria of the 
vascular bundles of Moiiocotjdodons, and in the thin-walled cells, 
layers of which alternate with the long woody fibres in the liber of 
Dicotyledons. In these cells, which that author calls ‘^latticed” or 
“ clathrate ” cells, the membrane which forms the diaphragm closing 
large ])its is marked willi an excessively delicate network, apparently 
formed of fibres applied upon the primary membrane. This occurs 
not only in the pits of the side- walls, but in those which are found 
on the septa between colls standing one above another. 

This discovery is of miuh interest, and is likely to draw more attention 
to the liher-structurea, which have been neglected by anatomists, but 
which limy possibly take an important share in the distribution of the 
elaborated sap. 

oS(). The “ fibrous ” secondary layers may present the form of a 
single spiral band, running from one end of the coll to the other, 
and with the turns of the siiirc quite close, or more or leas distant 
(fig. ; or the spiral band may be double, triple, or even consist 


Fig. 489. 




Fig. •IS'S. Cell from lh«B iBjmrangium of ixtrenne. Afagn. 250 dtam. 

Fig. Cell« from the ^[>orangiuui oi Marckaniin jHtiymorphn. Magn. 250diaim. 

Fig. 490. Cells from the leaf of Alagti. 400 diam. ^ 

• 

of six or more parallel bands. Very often those spiral secondary 
deposits are sufficiently clastic to allow’ of their being stretched out, 
the comparatively thin primary membrane to w’hich they adhere 
giving way at the interstices. 

In the cells of the coat of the seed of Cplhmia^ the primary membrane 
becomes, during the ripening of the converted into a substant^ 
which softens and swells up iu water \ so that when this structure U 

t2 


Fig. 490. 
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wetted, tlie spiral fibre springs out, opening its coils widely like a wire 
spring. 

587. The annular thickenings (fig. 489) are loss common than 
the spiral, hut occur sometimes in the same cell, and also in asso- 
ciation with the next kind, the reticulated. The rings are generally 
at some little distance apart. 

5S8, The reticulated secondary layers may be uniform over the 
wall of the cell, or irregular (fig. 490), which is more frorpient. since 
the ordinary cause of the reticulated appearance is the formation of 
vertical connecting bars between rings or spiral coils, at the angles 
of the cells ; when this occurs v<*ry regularly, a ladder-like arrange- 
ment results, giving what is called the aatlarifonu structure, espe- 
cially frequent in the vascular structure of Ferns (fig. 491). 



Fig. 491, FrapiUfut of a scalnrform of a Trcr-Frm : r/, wnll« in (‘ontu(.t with otht*r 
Tf#»ik*J8; 6, A, walls in contact with cells. Msjfn. 2‘X>cliani. 

Fig. 492. 'Wood-cflU of Yew; vertical section. Magn. iXS) iliam. 


The connecting bars of the reticulated and s( alariff)rni cells mu.**t not 
be supposed to orimnate after the rings or spirals ; they are contempo- 
raneou.dy dcvelopea ; and the diver.'iities in tlie closeness of the coils of 
cells are likewise original peeuliariti(*s of the depoMts. The statement 
that the turns of spiral coils are opened by longitudinal growth of the 
primary membrane to which they adhere .setui.s to be founded on specu- 
lative notions. 

• The spiral structure of secondary deposits is beautiftdly seen in the 
elaters of Jmufennnnhia and Marvhantia, in the cells of the ai^rial roots of 
epiphytic Orchids, in tlui cells of the wood of (/actacese, and in th»^ spiral 
veaseis of the veins of the leave.s and leaf-stalks of Monocotyledonous 
plants, such as the Hyacinth, Narcissus, Mw<n (which presents as many 
tLB 20 parallel bands), shoots of Elder, leaf-stalks of garden Khubarb, 
Strawberries, &c., also in the petals of delicatelv organized flowers. Annu- 
lar cells are well seen in the Aporanges of MarrXantia and other Liverworts, 
and in many of the 8tructure.s just numtioned with spiral and reticulated 
cells. The scalaritbrm marking is most regular in Feras. 

.589. The s^ariform thickening approaches very nearly to the 
more regiil^ foriHs of the dotted thickening above described, so that 
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the spiral-fibrous and the dotted forms appear as the extremes of an 
analogous kind of structure. 

In many wood-cfjlls, especially in root-structiiroa, the reticulated or 
scalarilbrni cells liaAc the meshes so small that they become in fact 
pitted cells. 

In some cells ])oth kinds of thickening o^cur, so that it is con- 
venient to distinguish layers. In the wood-cells of the 

\e\v (fig. of the Lime, and other plants the secondary layers 
are pitted, and a tertiary deposit subsequently appears in the form 
of a spiral fibre. 

The pits on the walls of contiguous cells correspond, and they do not 
generally occur opposite intercellular spaces, or on the outside of epidermal 
cells; init exceptions oeeur to both these rules, to the latter especially 
ill tlie lea\esof Cyvius. The first rule has much influence on the marking 
of the large ctdls Ibriiiing }>art oi (hats, which are often in contact with 
several cells, oiu* above another, and with parenchyma-cells, other ducts, 
or willi intercellular spaces, on diflereiil .-ides. In the wood-cells of 
Lonifera^, the peculiar bordered pits occur only on the sides parallel to 
the medullary rays, not on tlie internal and external walls. 

50O. (Vll-iueinlu anes. including the secondary layers, are composed 
of the substance called c(llat(*<(, which is one of a class of organic 
compounds intimately connecud as rc'gards chemical constitution, 
but prt‘senting remarkable piivsical tlifferences. Of these compounds 
the most important arc : — smjar and dextriaey soluble in cold water, 
and occurring in solution in the cell-sap ; starchy insoluble in cold, 
but s(jftuning and swelling into a mucilage in boiling water, and 
found in the form of granules in the cell-contcnts ; and ceUuIos^f 
insoluble in cold or boiling water, alcohol or idlier, obstinately re- 
sisting the action of alkaline solutions, but soluble in strong sulphuric 
acid, and forming the j)erm{tnent sedid parts of vegetable structure. 

51)1. Cell-membranes, composed of 
pure celluhxse originally, undergo 
changes at subsequent periods which 
alter, in a marked manner, their bcdia- 
vioiir towards ebemical reagents ; and it 
is not at present certainly ascertained 
what is ihc retil cause of the scries of 
modifications which they present. If 
we compare tlie membrane of a nascent 
cell, of thick-waUod parenchyma, the 
solid and often dark-coloured walls of 
the cells of old heart-wood, of liber- 
colLs, the very resistant membranes of 
corky tissues, and the layers of gela- 
tinous or cartilaginous consisteneo so 
abundantly developed in the larger 


Fig. 493, 



Wall oftho i*ell« of the liber of Coeo$' 
tf, primary membrane; oldest 
secondary layers ; <r, more recent 
•econdaiy layers ; the layers 
marked b are strongly iacrusted. 
Atsgn. 600 dism. 
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Algje, we meet with extremely diftbrcnt characteristics, for the ex- 
planation of which different %*iews are entertained. On the one hand 
it is said that the cellulose produced in the formation of the original 
membrane or layer of thickening becomes gradually converted into 
different but related chemical compounds ; on the other, that the 
cellulose layers become impregnated by foreign substances, gradually 
infused into them from tlie fluid contents, such substances being 
distinguished by the name of matters (fig. 403). A third 

view is that of Premy, who considei's tliat there are several kinds or 
modifications of cellulose, and, moreover, that those vegetable struc- 
tures formerly consid('red to be made u]) exclusively of cellulose, 
contain matters of a different chemical composition. 

Cellulose, as found in the or<ranized con<lition of e»dl-nu‘mbrane, 
appeal's to behave somewhat differently to chemical reagents according 
to the state of aggregation of its particles (that is to say, its density) : for 
nascent cell-menihranes will in many caries assume a vioh‘t or even a hluo 
colour when treated with a strong solution of iialine and waslnal with 
water, like starch. The same is the c ise with some of the semigtdatinous 
layers of thickening met with in the endosperm or cotyledons of certain 
se^s (called nmijloid), and, moreover, in the cell-structures generally which 
have been treated in the way described below, to remove the Ho-cHll<*d 
** incrusting matters.^’ But as a general rule, (‘elhdoso does not take a 
blue colour with aqueous solution (f iodine, unless some other agent, 
especially sulphuric acid, is applie<l at the same time, A solution «>£ 
iodine in chlonde of zinc brings out a blue colour in fully developeil 
cell-membranes, still more rea<lily than the sulphuric acid with iodine. 
These reagents readily affect newly formed tissues in general; and the 
more delicate kinds of cellular tissues^ro-perninriently sensitive to them. 
But after a time the thicker cell-membranes, and especially those of woody 
tissues, the cartilaginous structures, and the tissue of epidermis and bark, 
no longer become blue, but only yellow or brown with the above n»agerits ; 
and it is the real cause of this alteration which is the subject of the dif- 
ference of opinion above ndem^d to. 

By maceration for several hours, or boiling for a minute or two, in nitric 
acid for woody and cartilaginous tissues, in strong solution of potash for 
epidermal and corky tissues, bringing the cells to a point when? they still 
exhibit all their stnicture, but are bleached and softened, then washing 
them with water and applying iodine, a blue colour is produced like 
that appearing in nascent cellulostj, or in toleraWj:*itt}W tissues under tho 
infiitence of .sulphuric acid. ' 

It remains to be ascertained whether thqse proces.<e8 alter the com- 
position of the cell-membranes, or merely remove infiltrated matters of 
nitrogenous composition. The latter view is supported by the fact 
that, in imperfectly prepared objftcts, some of the more resisting layers 
appear which wot|}d seem to result from an optical combina- 

tion of the blue of the cellulose with the yellow of an infiltrated 
matter. At the same time it must be noticed that the cellulo.se is 
brottght into a cjmdition approaching that of starch, only normal in 
nascent membrane and in the semisolid deposits of amyloid’’ above 



THE CELL- WALL* 


487 


naentioiipd. Fr^my, as above stated, considers that there are other sub- 
stances besides cellulose entering into the composition of vegetable cell- 
walls. True cellidtm {ovm& the cell- wall of the cellular tissue of bark, 
fruits, roots, and is soluble in ainmnniacal oxide of copper.* Para- 
cellulose found in the cells of the pith, the epidermis, the meaullar}" rays, 
&e. ; it is soluble in the copper solution, but only after special treatment. 
Fibrose is the constituent of the wood-cells, an \ is insoluble in the copper 
solution, except after special treatment, but soluble in strong sulphuric 
acid, f^asruhsej the substance of which vessels are formed, is insoluble 
in hydrochloric and sulphuric acids and in the copper solutions, but soluble 
in boiling caustic potasn. 

r)02. Ccll-mcmbrane in most cases contains a certain amount of 
inorganic matter ; but this is probably attributable in general to its 
being saturated with the watery cell-sap, in which various salts 
exist in solution. In particular cases, however, there is a special 
deposition of inorganic substance in the walls of cells — as, for in- 
stance, in the Grasses and the Ikpiiscdacem, and the Cane-Palmf 
(Calamus), where the epidermal .structures arc so loaded with silev 
that they not only acquire a hard texture, rendering them harsh to 
the touch, but, when the organic matter is destroyed by burning, 
a complete skeleton of the tissue remains, entirely formed of 
silex. The siliceous coats of the Diatomece afford another striking 
example. 

It is not yet clearly made out whether the silex is here deposited in a 
layer upon the cell-membrane, or interpenetrates its substance ; but the 
hitter is probably the real state of the case. The pericarp of some plants, 
as Lithospermum, contains lime, in wbnt form it is not certain ; but the 
carboiiaie of lime incrustiiig the cells of many sj)t*cies of Chara is clearly 
a mechanical deposit upon the outside of tlie membrane. 

593. The membranous wall of the vegetable cell is ordinarily a 
pennanent structure : fonning the “ skeleton of jdants, it usually 
remains entire until the decay or destruction of the organism in 
which it exists. But we have already mentioned that it becomes 
absorbed or dissolved, ultimately, at particular points, as at the con- 
tiguous end-surfaces of those cells which become fused together to 
form vessels or ducta ; and in the case of the layer closing the outer 
ends of the canals of the pits or wood-cells, a similar destruction 
of the primary membrane seems to occur. A phenomenon of 
this kind is distinctly presented in the large spiral -fibrous colls of 
Sldiagnum (fig. 404), where the walls of old cells are found perfo- 
rated by large round orifices, produced by the separation of circular 
pieces of the cell- wall, and in the cells of the leaves of Leurohryum 
(jhxicum (fig. 405). In the cells of the Confervoids producing /.oo- 
spores, the wall breaks open at definite places to allow these to 
escape, exhibiting small lateral or terminal orifices in" Omiferva 
(fig. 465, c, d) &c., or breaking quite across by a circular slit in CBio- 
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gonium. In this last genus the cell-wall breaks across in the same 
way in cell-division, to allow the new cells to expand ; and in one 
of the Palmellem {Schizochlamys) the wall of the parent cell splits off 
in segments every time a new generation of cells is formed. 


Fig. 404. 



/ 


Fig. 494. Coll of tho loaf of Sphnnnum cymhifoliinu, «itli .nnular fihr»>« and orifices in the 
wall, Mngn. KNi diaiu. 

Fig. 49o. Forons cells of the leaf of Leucof/ri/itm ylauntm ; vertical fci(*(?tion. Sfiign. 

4)X> diau). 

In the fonnation of the ultimately free cells composing pollen-grains 
and the .spores of the higher Crvptogamia, the cells are lioerated from 
the parent cells by solution of the wall of tin* latter. A still more 
curious phenomenon occurs in the process of cojiJjrf/fftimi, where two cells 
coalesce by complete uniqn of their walls. The last cases appt‘ar related 
in some degree to the origin of the gtdatinous coat.s of the Pahwilece and 
other Confervoids, whicli art; probably produced by the di.^intcgration of. 
the walls of parent celts, which become softened, and swell up a.s the new 
generations of cells are formed in their interiori 

The origin of cellulose is npt clearly determined; if seems most probable, 
however, that it h derived from the starchy. inuline, or similar 
materials contained in the protoplasm of the'c«%^ mentioned in suc- 
ceeding paragraphs. 


Contents of the Celt. • 

594. The solid cellulo.se structures forming the persistent mass of 
vegetable tissues may be regarded as a skeleton or framework ; for 
the vital and chemical phenomena exhibited by plants all depend, 
in the 'hiilt instance, upon operations which have their scat in the 
interior of the ce^« llie careful investigation of the cell-contcnts 
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is consequently of primary importance in the study of Vegetable 
Physiology. 

The fimilamental importance of the matters within the cell is not only 
demonstrated by what w'o are enabled to observe taking place in the 
inteiior of living cells, but, in certain of the lower plants, the vitalized 
contents actually emerge from their confinement in the shell of cellulose 
(as the so-eall(*d zoospoi'es), and exhibit in the course of their subsequent 
conversion into closed motionless cells exjx'tly the same power to form 
new cell-membranes takes place in ordinary cell-division. 

595. The contents of the cell arc partly more or less solid, partly 
fluid. When substances exist dissolved in the cell-sap, they are fre- 
quently out of the reach of microscopic observation, on account of 
the minute quantities in which they exist, or from the want of 
suitable reagents to ascertain their presence ; among these are the 
vegetable alkaloids and similar products. The sugar, dextrine, 
mineral salts, &c., dissolved in the watery cell-sap, do not readily 
admit of exiiuiination in this waj'. The fluid colouring- matters, 
essential or fixed oils, resins, &c,, on the contrary, are readily ob- 
served, on account of their distinct physical and chemical characters. 
This is still more the case with mineral or organic salts which are 
sutlicicntly ahundaiit to crystalli7.e in the cell. 

59(). Put by far the m()st important of the contents of cells are 
certain organi/.c'd structures which are regularly met with in thp 
cell-contents, either uni\x‘rsally or, with certain definite exceptions, 
at ])articular epochff of the lilV^ of cells. These are the protoplasm, 
with the priotordial utricle, the iiucleus, chlorophylUcorpuschs, and 
starch- <jrauules, 

597 . In all young grow- Fig. 490. 

ing cells Ave meet with a 
tough ^muciraginous fluid, 
colourlo.ss or Avith a yellow 
tiuge, and frequently of 
more or less granular cha- 
racter, which increases 
with the age of the cell. 

This {Substance is called the 
pr ooplasm. 

The primord ial ^^yifrxc U 
is the outer film of the 
protoplasm, from whroh it 
differs only in its greater 
density. It is coloured 
yellow by iodine, and is 
applied intimately to the TiraniwrseBe«tfonof<»U of 
inner surface of the ceU- - 

t6 
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membrane of young cells, persisting in the cells of tissues wliich are 
concerned in the reproduction of cells or the perfoniiaiice of the func- 
tions of assimilation vtc., but disappearing at a comparatively <‘arly 
period in cells wliich atMiuire fibrous or ])ittcd woody secondary layers. 

This structure is not always readily discoverable in living cells, on ac- 
count of its close apposition to the cell-wall, but it may be detected, by 
the application of a weak solution of iodine, which colours it brown, au<l 
soon causes it to contract and separate from the cell-membrane (tig. 

The contraction is disadvantageous in some cases, if j||go very far, as the 
layer becomes applied upon the inner cell-contents: The structure is 
very well seen oy phicing portions of the gre<Mi tissue of leaves t’tc. 
(which retain the primordial utricle after acquiring their full size), of 
the pulp of fruits, the leaves of Mo'Jscs or Liverworts (fig. or the 
filaments of Coiifervoids, in alcohol, or trt'ating them with dilute nitric 
or muriatic acid. The primordial utricle then separates from the cell- 
wall without becoming much discoloured. 

598. The utricle, lining the entire wall of the coll, 

forms a kind of sac ; but it is not a memhrane in tlio same sense as 
the proper cell-wall, since, although it i»rcs(‘nts u certain cohesion 
and re.sistance to the ])cnetration of water, it is not merely ficxil»Jc, 
blit ductile, and capable of moulding itself into new cxiei nal forms, 
the sac, in cell-divi.sion, becoming constricted into two or more por- 
tions without wrinkling. NMicn the zoospores of the Algie escape 
from the parent cell, the primordial utricle forms the <‘xternal 
boundar}’ of the structure of the jsoo.spore, whicli has a definite form 
iu each case. 

Were it not for this definite form of zoospores, we might compare the 
consistence of the primordial utriele to that semifiuid condition of gla**s 
in which the ghis.s-blower« mould it. Tlii.s peculiar state of organiz<*d 
8ul).stance is exactly parMltd to Jhe substance of Amu hu, the soft pari of 
Sponges, &c. in the Animal kingdom. * 

599. In young cells, such as those in the camhium-hiyer of stems, 
in the growing parts ^f leaves, tfcc., the ])rotoplasm nearly fills up 
the cavity, or at all events oceiqiies all the space not filled by the 
nucleus, Ily degrees, as the cijll expands, vacuolar spaces make their 
appearance in the protoplifbm, filled with watery cell-sap ; tind the 
protoplasm is thu.s tran.sformed into a kind of frotli, which is often 
finally displaced so entirely by the cell-^iip that it forms merely a 
layer applied against the*prin^0ial utricle. 

In some cells, especially of the lower plants, we may detect more 
than one of these parietal layers of protoplasA. 

Thes^ thanges are readily traced in very young haiiS| where they are 
observed without much disturbing the natural condition of the striu*ture 
(fig. 497). Movementsji^fe pr^topla.«IIi,l•clK|gi^^d evident Ijy the niove- 
ment of granules floati^ in it, occur in mapy plants, probably in all, 
anil' fire ®rilmted by some to contractility of protoplasm, by oltbers to 
alternate tuigescex^^ and emptybg of certain portions of the protoplasm. 
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000. In the protoplasm of most young cells, and persistent 
through life in the ])arenchymatou8 structures of some plants, as of 
the Orchidaceie, occurs the globular or lenticular body callfcd the nu- 
clcus of the cell, or cytohlast (figs. 497, n, & 498). This appears to be a 

Fig. 497. 



Fip. 197. Upper end of a young hair of the stamen of Tradeneantia^ ehovring the cells in 
various stages of development: «, n, nuelt‘i. Magn. 4tX) dlam. 

Fig. 498. Cell with a nucleus, from the stem of Orchin maticuU. Magn. 4(K) diam. 

inasss of sukstance identical in its character witli the substance of the 
protojdasm, and it mostly presents the appearance of a central cavity 
or vacuole containing one or more small granules called nncleolL 

Tli^ nucleus is not u.sually found in Fungi or Lichens ; and many Algao 
are likewise unprovided with it. 

OOl . The nucleus probably origpially occupies the centre of all 
nascent cells whore it exists, the' iiitci^paec between it and the 
primordial utricle being filled up by protoplasm. When the vacuolar 
di.splacement of the latter by watery cell-sap takes plfuje, the luicletis, 
if persistent, is usually carried to one side of the coll, and comes into 
contact with the inner boundary of tlip primordial utricle. Some- 
times, however, it remains suspended 4l|^|ho centre of the coll by 
cords of tough protoplasm, streteh.ed from a layer of protoPasm coat- 
ing the nucleus to that which lies upon the primordial utricle* Th^ 
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cords of protoplasm radiating from the nucleus arc the persis tent 
boundaries of the vacuolar spaces of the honeycombed ” protoplasm. 

The gracfual Vaciiolation of the protoplasm and the transfer of the nu- 
cleus to the side of the cell may be -well seen in the hairs of the stamens 
of Tradescantia (fig. 497). In Spirof/t/ra and Zt/f/nema the nucleus re- 
mains always suspended in the middle of the cell by the protoplasmic 
cords. The ultimately parietal of the hairs of Tradeacantia ex- 

hibits radiating cords, the protoplasm here being in process of absorption. 
In VaUisneria^ and in Guloponium and other Coniervoids, the iiuch‘us 
becomes imbedded in the continuous parietal layer of protoplasm which 
•lies upon the piimordial utricle. The nucleus has the property of break- 
ing up and, as it were, disappearinir for a time, to reappear in the form of 
two or more new nuclei of larger size than the original nucleus. This 
process occurs in the fonnation of the pollen in the embryo-sac of Pbane- 
rogamoiis plants &c. * * 

602. In all parts of plants which have a green 
colour we find the cell containing in its cavity struc- 
tures quite distinct from the cell- wall and from the 
primordial utricle, in which the green colouring- 
matter resides. The ordinary form of these is that 
of globular or spheroidal corpuscles, which appear in 
greater number and of darker green colour in pro- 
portion to the intensity solar light to which the 
tisjBue may bo exposed. In a few cases the green 
colouring-matter is found in the form of annular or 
spiral bands ( Draparnaldia, Splrorpfra^ tig. 499), or of 
reticulated cords {(Jladopliora),oi mucilaginous con- 
sistence, adhering to the inside of the primordial 
utricle. In some Conferva^ the green colouring-nmtter 
appeal’s diffused tlirough a portion of the protoplasm 
in the form of very minute granules. In many uni- 
cellular Algm, in the gonidia of Lichens, tfec. the green 
colouring-matter is uniformly distributed throughout 
the cell, and is not separable from the rest of the 
protoplasm. 

The chlorophyll --cor p u scles are of soft consistence ; 
and their colour is exFracted by ether, filcohol, and 
various acids. They consist of protppla.smic colour- fllam^nt 

less substance mixed with colouring-matter. The of 
formermay exist by itself unniixcd ; but the colouring- 
matter is nevea*' found separate in nature. They ap- 
pear usually solid and homogeneous when young ; subsequently they 
often contain starch-granules in the interior ; and not unfrequently 
they become vacuolated like protoplasm when exposed to the direct 
action of %ater* 

Fr4my atotes that the green colour of chlorophyll is due to an 
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admixture of two substances, one yellow and the other blue, called 
respectively pliylloxanthine and phylloeyanine; but others think 
that tho blue substance is a modification of the yellow, broifght about 
by the agency of acids. Our chemical knowledge of chlorophyll, how- 
ever, is at present incomplete. It is to be expected that siKJctrura- 
analysis will ultimately reveal much of what is now obscure. The 
principal appearances observed hitherto are tho constant presence of 
an absorption-band in the red portion of the spectrum. In concen- 
trated solutions another band may be seen in the green. Stokes 
notes a similar band in the yellow. Ilerapath indicates the frequent 
jnesence of three bands in the red, orange, and green respectively, 
and of four bands in the red, orange, green, and blue portions respec- 
tively. Tl^e variations arc probably due to different colouring-sub- 
stances mixed with chlorophyll. 

The chlorophyll-corpus<*los are probably formed from the protoplasm 
of the cell breaking np into distinct globular corpuscles, or distributing 
itself according to patterns, as above indicated, upon tlie cell -wall. When 
n(*wly formed, in young cells, they are almost colourhjss, and appear in 
tlie vicinity of the nucleus and in the layers or streaks of protoplasm j and 
we not unfrequently meet with protopbisinic corpuscles which differ from 
chlorophyll-corpuscles onlv in the absence of the green colour. The 
development of chlorophyll takes place thus : — In the young cell the pro- 
toplasm is colouidess amf disposed in a thick layer around the inner w’all 
of the cell ; in this appears first a yellow colouring-matter ; and then the 
inner portion of the protoplasm splits up into polygonal portions, each of 
which becomes a grain of chlorophyll. The outf.r portion of the proto- 
plasm forms the so-call(*d primordial utricle. In other cases the proto- 
plasm accumulates round the nucleus. Vamolvs are formed in it, and 
nreak np the substance of tlie protoplasm into granules. In this latter 
case more uncoloured protoplasm is left after the formation of the chloro- 
pliyll tlian in the preceding case. 

The tiestriiction or decay of chlorophyll shows itself first in the change 
of colour from green to yellow or orange, or, in th«^ case of the spores of 
Algie, red. This red colour is assumed at the time when the spores come 
to rest ; wdieh active vegetation again commences, the green colour is re- 
stored. In the case of leaves at the fall, the grains of chlorophyll diminish, 
then disappear and give place to highly refracting gi-anulea of an orange 
colour, which are the remnants of tho disorganized chlorophyll, and to 
which the colour of leaves in autumn is due. While these processes are 
going on, the starch and the protoplasm are diS'^olved and stored away in 
the permanent tissues. In plants kept in the dark Gris noticed that the 
chlorophyll -grains slowly and gradually become smaller, lose their starch 
and their colour, till at length nothing but a number of ifiiimte amorphous 
granules remain. Some plants, such as Selaginella^ some Ferns, &c., ^sbt 
the deprivation of light much more than othursf but in the case of quickly 
growing plants, two or three days obscurity Sipice to disorganize the chlch- 
rophyll. 

The protoplasm (with the primordial^ utricle), the nucleus, and the 
chlorophyll-granules .are all substances containing nitrogen and closely 
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allied to albumen ; they are more or less coagulable by heat, alcohol, and 
acids, and soluble in caustic potaslK 

The principal tests are the following*, tbougli it must be remembered 
that their action is masked bv the colouring-matters of the cell, end that 
thev are not in all eases manifested in living, l>iit only in dead cells : — 
Iodine gives a brown or yellowish tinge to these structures ; ainuioniacal 
solution of carmine tinges them pink. When treated with nitric acid, and 
subsequently with ammonia, a yellow tint is formed, indicating the pre- 
sence of xantho-protein ; when soaked in a solution of sulphate of copper 
and afterwards treated with potash, a violet colour is produced in the 
protoplasm and chlorophyll ; but this has not been observed in the case of 
the nucleus. It must be remembered that the solubility of protoplasm in 
acids and alkalies depends not oftly on the strength of the solvent, but 
also on the condition of the substance at the time of the experiment. 

603. Another still Inorc common organized structure Ibuiid in the 
cell-contents is the starch-granule^ which appears to occur through- 
out every class of plants except the Fungi. 

Starch-granules are perhaps most frequently of globular form when 
yoting ; but when they acquire any considerable size their form usu- 
ally diverges from this, and presents very remarkable varieties, often ^ 
attributable to the conditions in which they grow. Full-grown 
starch -grannies are not homogeneous, but marked with strim indi- 
cating the concentric lamimc of which they are composed. These 
lamiiise are alternately of denser and softer consistence, and surround 
a commonly more or less excentric point, usually of very small size 
(fig. 500), vW^hich often appears solid w'heu the starch -granule is 
fresh, but fonms a minute ca\ity^>frequently running out into a few 
radiating cracks, when the starch-granules are dry. 

The granules occur either singly or collected in^masses of definite 
shape, jforming compound granules (fig. 501) ; very often they exist 

Fig. oOO. Fig. 501. ‘ 



Steroh-gratinle of Potato. Mogn. 400 diam. 

F^.SOL Ck>mpoaiidi Starch- jpiranulcfi: a, adouMe j^nnln from the Potato; A, grouped 
Cf»oul«« af|4 fragmtuita, from the rnisorae of Arum maeuiahtm. Magn. 

400 diam. 

in the interior of chlorophyll-corpusclos or hands, or imbedded in 
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cavity of tho full-grown coll, and in some cases so densely that they 
beconie moulded into polygonal forms by mutual pressure. 

Starch-granules are commonly unaffected by cold water; but winen 
crushed, the inner layers will sometimes absorl) it and swell up. 
boiling water causes them to swell up into a jelly, losing all trace 
of their laminated structure — as do also diluted sulphuric acid and 
solution of })otash. 

Iodine colours starch -granules violet, indigo-bluc, or deep black- 
ish blue, in proportion to the degree of concentration in which it is 
employed. By means of dilute snlphnric acid, starch may be con- 
vort4*d into dextrine and glucose. !3|j[odern researches have shown 
that starch consists of two substances intimately combined, one of 
which, is more soluble in saliva than the other, cellulose ; 

and the action of iodine is .also different in tho two cases. 

( ireat discussion lias taken place at different times of late yeai*8 both ns to 
tlie structure and the mode ot* development of starch -granules. There is no 
que.^tioii tluit tliey are formed of a number of concentnc laminae, which in- 
er(*ase in density from witliin outwards. Their substance is hardly distin^ 
gui.sliable fr(»m that eondititin of collulose where the cell -membrane swells 
into a gedatinous substance with dilute sulphuric acid, or even sometimes 
with water, and takes a more or less decided blue colour with iodine alone. 
With regard to their mode of dev(dopment, tliev appear to be formed 
by the deposition of successive layers of starch-substance, by protoplasm, 
in the interior of vacuolar cavities formed on the protopla.smic matter of 
the cell, either while this exists as a colourless mucilaginous matter, or 
aft(‘r it lias become more highly organized into chlorophyll-corpuscles. 
Starch -granules, iu tact, appear to bejonned by secretion on the inside of 
a utricle of protoplasm, exactly iu the same wav as the cellulose wall of 
the cell is secreted,^!! the outside of the primordial utricle. 

Fig. b02. Fig. m. 



Fig. .'>02. Part of a cell of tho atom of tho WhiV Lily: ti.^uiclona, anrronndcd hr protoplium 
* in which atfirch-grnnuloa (») ar»‘ hoing dovolopod. Magn. 400 diani. 

Fig. .'>0!^. Starch of MntKu : <», aoiiion of a yipmg coll of tho with luiwcnt utarch-grannloa 
imbedded in prot<>i'laMn ; ft, sVidion of a full-grown ooU with tho starch-granules 
in contact and become angular by mutual prowure. Magii. 200 diam. 


This mode of development is well illustrated in the formation of 
starch-gTnnules in the cords of protoplasm which have ceased to circu- 
iat(;, in many herbaceous Monocotyleaonous stems, as tJint of the White 
Tiilv (fig. f)02), &c.,— by the appeaiWce of single or several stai'ch-^rranules 
in old chlorophyll-corpuscles, or in tho substance cj the bands of 
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gyra (fig. 490), $ic. Still more strikingly is it shown in the development 
of the standi-granules wdiich ultimately densely fill the outer colls of the 
endospenu of Maize, where they are at first "free from each other, im- 
bedded in a collection of protoplasm filling the cell (fig. 503, <i), and, as 
they expand, come into contact and almost displace all the protoplasm, 
which remains only as a reticulation of slender threads (lig. 503, h). A 
similar reticulation of protoplasm-threads remains on tlie walls of the 
cells of the Potato -tuber after its starch -granules are formed. 

The origin of the compound granules, in pairs, fours, or very many 
compacted together into a mass, moulded together by mutual pressure on 
their contiguous surfaces, is readilv explicable, since we often find several 
isolated nascent granuh‘s in one chlorophyll- or protoplasm-corpuscle : as 
the granules increase in size they come into contact, but remain bound 
together by the mass of protoplasm in w hich they lie. Such granules 
(found in the conns of Crocus and Arum (fig. 501, 6), in the Oat, and more 
or less abundantly in many other Monocotyledonous plants) are mostly 
simply coherent, so that they may bo separated by slight pressure. Put 
it is not uncommon to find twin granules enclosed oy external layers 
common to both (fig. 501, a), 

604. Starch is a temporarj' structure of the cell-contents ; it is 
accumulated during active vegetation, and is abundantly deposited in 
the tissues of many organs which remain at rest (luring certain 
seasons. In the recommcnctunent of growth it is dissolved, in con- 
sequence of the formation of diastase (whicli converts the insoluble 
starch into soluble dpxtrine), and the assimilated substance is applied 
to the formation of permammt structure. 

Starch-grains are almost universally present in chlorophyll, from wdiich, 
indeed, th(?y are formed. This opinion ditters from tliat of Mohl, but is 
supported by the disco veric.s of Sachs and (iris, the former of whom 
shows <ronclu.sively that the .starch is developed from the chlorophyll under 
the infiuence^^Qf light: if light l>e exc*lud»*d, no starch is formt*d, what is 
already formed disappears, and is again formed w’hen the chlorophyll is* 
once more s^^jected to the intluence of light. Without chloropuyll no 
starch is formed ,* it may, how'ever, be stored up in cells contaimug no 
chlorophyll, but is brought there from the cells in which it is formed. 

Starch-grains are di.sintegnited or dissolved when growth is about to take, 
place, in two ways— either locally (when the grains present a wonn-eaten 
appearance), or uniformly over the whole surface. 

605» In certain plants starch-granules are absent in those situ- 
ation# where they are generally abundant, h#ing replaced by a sub- 
stance of analogous com*|)osition, called invline. Thfs has heen 
found especially in the roots and tphers of the Compositoe. It is 
not clear whether it ocemrs dissolved in the ccll-sap or in granules 
mixed with the protoplasm. As it has no special reactions giving 
distinct colour, like starch, it cannot be detected except by chemic^ 
analysis. 

606. Aleurcm exists in the form of ronndisb colourless granules 
^tted on the su^^Sl^ or even presenting facets like those of crystals. 
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Tho granules are for the most part about equal in size ; but here and 
there occurs one much Lirgi r than tlie rest and which is remarkable 
for the rapidity with which it dissolves in water ; hence it escapes 
observation und(?r the microscope when the tissues are cxamin(?d, as 
th(*y usually are, in water. Alouronc is insoluble in oil, alcohol, and 
ether ; hence it is found in practice better to immerse the prepara- 
tion in a drop of oil, in oider to see the aleurone. Aleurone is 
coloured brown by iodine ; and the inner portions of the grain assume 
a brick-red colour after soaking for some minutes in a solution of 
nitrate of mercury: hence it is considered to be albuminoid in cha- 
racter ; but the nature, mode of formation, and chemical histor}" of 
this substance all stand in need of further investigation. 

007. The fixed oils, which occur abundantly in many seeds and 
fruits, arc easily distirignistH‘d in the c(dl-contents on account of 
their forming isolated globules, merely suspended in the watery cell- 
sap, wliieh strongly refract light, and can be made to nin together 
into large globules by pressure and by the apj»lication of ether. 

Tile oil-globules occur mostly in organ<j pn'pared for a season of rest, 
ns in the endosperm (Cocoa-nut) or cotyledons (Almond) of seeds, or in 
the pericarp (Olive) of tho higher plants — also sometimes in tubers, as in 
those of Among the lower plants oil is especially 

abundant in the resting-spores of the Alg“a>, taking the place of thestarch- 
granulfjs existing during active vegetation. 

Sugar, dextrine, gum, and similar substances dissolved in 
tlic watery cell -sap are not capable of detection by the microscope, 
j^fince the quantities in which tlu'y exist arc too small to alter suf- 
ficiently the refractive power of the liquids ; and we have no colour- 
test for them. 

The fffitnmt/ maftm of plants (which swell up in cold water and form 
a slimy nui>s) are in many cases parts of the cellulose tissues themselves, 
as is the case in the seed-coat of Linseed, the Quince, &c. the gum 
of Tragac'antli, which latter consists of the (adlenchyniatoiis tissue into 
wlii(rli the pith and medullarv rays of the stem are gradually converted. 
They result from tho abundant deposition of secondary layers in that 
stale of the cellulose ” compound which is intermediate between cell- 
inemhrane and dextrine, just as the amyloid ” of the secondary layers of 
tile cells of some Lichens is an intermediate condition between cellulose 
and starch. JUmomo and arabine are formed in a similar manner, from 
the disorganilbtion of the cellulose matters ; Ifence these materials are to 
be looked on as excreinentitioufe. 

600. Tho bright colours of the parts of flowers arc prt)duced by 
substances usually dissolved in the watery cell-sap ; sometimes, how- 
ever, solid corpuscles or utricular structures are found swimming in 
coloured cell -sap. 

In young tissues of flowers tho colouring-matter may be ob-served to be 
formed gradually in the vacuoles of the 'protoplasmj,.|iBd, as the cells 'ex- 
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pand; increasing in quantity until the separate portions coalesce and fill 
the whole cavity of the. cell. This is well seen in the coloured hairs of 
the stamens of Tradescanfia, 

The colouriug-matters of flowers admit of being grouped in two scries, 
the cyanic series and the xaiithic series, w^ith green as an interniediate 
colour : thus, starting with greenish blue, the cyanic series passes through 
blue, blue-violet, violet, 'violet-red to red ; the xanthic series, on the other 
hand, passes from green to greenish yellow, yellow, orange-yellow, orange, 
orange-red to red. The cyanic colours are usually in solution ; the xanthic 
colours are usually solid. It very rarely happens that the colours of the two 
series are met with in the same flower ; hence, tliough Dahlias and Hoses of 
almost all hues are now to seen, a true blue tint has never been seen 
in either : and there are numerous illustwitions of this fact in gjirdeus. The 
various tints of colour are produced either by the interposition of colour- 
less cells between those containing coloured juices or by the superposition 
of cells with different colouring-matter one over the other. Ihus an 
orange tint would arise from the superposition of yellow’ cells ov(‘r n‘d, 
and so forth. White is produced either by a very dilute coloured solution 
or by the presence of air in comparatively large quantities in the tissues. 
The velvety appearance of the petals of many flowers is due to the fact 
that the epidermal cells are raised in the form of small conical elevations 
like the pile of velvet, and the play of light thereon gives rise to the 
appearance above mentioned. 

610. Essential oils are readily distinguishable wben they exist in 
quantity suspended jn the cell-sap, or entirely filling the cell ; some- 
times, however, they exist in such small proportions as to be iin- 
distinguishablc, as is the case in many scented petals. 


The essential oils are developed, like the fluid colouring-matters, in 
vacuoles of the protopla'*ni, re.solved in time 
into one large cell-cavity bounded by the I' if?* *^04. 

layer of the protoplasm lining the primordial , il 

utaicle. The oily matters, caoutcliouc.resins, /V 

&c. are usualH' found in compound cellular 
organs, fflanm, clurts, &c., to be mentioned ( 
presently, under the head of Timtejf. MM \ 

611. The watery fluids traversing the 
tissues of growing plants, in consequence jj ' 

of the evaporation from the leaves and L-/ 
the continual absorption by the roots, ( i MM / \ 
Bec6i|^ly contain various inoi^anic W 

salts aissedved in them, 'iloreover cer- ) 

tain o^anic acids, such as oxaljc, ly \ )\\y^ 

&c., are always formed in the 

E sses of v^etabie digestion. All „ 

' rabstanceeand their compounds 
are, for the most part, dissolved in the 
cell-sap; but in most of the higher 

plants w0 find, in certain cells of the parenchymatous tissues, crystals 
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of definite composition, either scattered or collected into groups of 
definite form. These crystals arc called raphides (fig. 504). 

It is not clear whether the raphides are to be regarded as a secretion 
or as an exendion — that is, as substances useless or noxious to the plant, 
laid by in an insoluble form. The latter ■ seems more probable. The 
l\)lygonaceie (for example, the (larden Khubarbj form abundance of 
oxalic and other organic acids, and they always contain a quantity of 
bundles of raphides composed chiellv of oxalaU of lime ; in old stems of 
Caclacete, the substance of the parenchyma is rendered quite gritty to the 
touch by crystals of oxalate and phosphate of lime; the Musaceae contain 
crystals of sulphate of lime, &c. 

(>12. (■rystals usually occur free in the cavity of the cell ; but in 
some plants, especially in the Urticaceoe, wo find them accumulated 
on a cliivate ju-ocess, formed of cellulose, developed from the side- 
wall of the cell ; these are called cystoUthes. 

Til CSC curious structures are well seen in the subepidermal cells of the 
Icafof FicuK elmtica and otln r sjiecies — also in Paru taricij the Mulberry, &c. 

Other important substances, such os the vegetable alkaloids and the 
great numh(‘r of organic acids usually associated with them, exist either 
dissolved in the cell-sap, intermixed with the protoplasm, or diffused in 
tin* solid c(?ll-structures as impregnating or incnisting substances. With 
regard to these, microscopic investigation has not hitherto afibrded any 
information. 


Sect. 3. Combinations of Cells. 

The Tissues, 

01 Ih The simplest mode of combination of cells is that which is 
nu't with in a largo number of the Alga? of low organization, where 
the cells are .associated for a time in what arc called colonies^ the 
inemb(>rs of which arc more or less completely indepen^nt of each 
other in physiological rcs})ects, but .morphologically represent parts 
of a determinate whole ; while ultimately they separate, each to lay 
the foundation of a new colony. 

Examples of this may bo seen in the grouped Desmidietty like Pedlar 
trum ( lig. n, <?), the Dia(time<r and in the PalmeUae ; to this head 

is also ndertihle the striicliirt* of some of the filamentous Confervoids, 
Voh oj-inea? (J/ig. 402. n), and Ilydrvdkiyon, 

These grr)nps of cells are eitjier held together by simple attachment at 
certain points of their surfaces,.; as in the Desmidietey Hydrothetyon^ 
Dkdoma (fig. 402, B, c), &c., or by thour being enclosed in a gelatinous 
common envelope (resulting from the expansion or the decay of parent- 
cell membranes), as in the Volroclnea, Pmmelkmf and NostochinerB, 

614. Tissues properly so called consist of collections of cells of 
tiniform character permanently combined together by more or 
complete union of their outer surfacos. 
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615. The tissues are distin^nisliod into kinds according to the 
form of the cells, the character of the cell-menibrano, and the 
manner in which the cells are connected together. 

Where the cells are roundish or elliptical, the tissue is called 
j>arenchi/m(t ; and this is called im])erfeet or perfect accordingly as the 
constituent cells have interspaces between them or arc closely packed 
so iis to leave no intercellular spaces. Where the cells are much 
elongated, the tissue is called prosenehtfmay and the constituent cells 
are known as fibres. ‘ Cartilaginous tissue ie known as coUenchi/ma ; 
and two other kinds are characterized by peculiar modes of combina- 
tion of the cells, viz. felted tissue (tel4t conttwta) and vascular tissue. 

The milk-vessels (cinmeht/tna) appear to be formed out of intercellular 
passages, and not by fusion of cells, like the spiroid vessels : hence they 
do not constitute a true cellular tissue j otherwise they would come under 
the head of vascular tissues. 

616. Imperfect parenclnjma {merenchipna) is composed of cells 
with more or less rounded surfaces connected into a lax tissue*, 
necessarily presenting abundant intercellular passages and s])aces. 
The cells are tolerably uniform globular or oval (f(), or lob(*(l, and 
connected at few points, leaving wide intercellular passages between 
them (h ) ; in other cases the cells are more or less stellate, and 
leave large spaces bptweoii them (o). 

The form a is common in. all young organs of the higher plants, espe- 
cially in the rind and the pith (fig. 470), in the pulp of fruits, ike. ; b 
is very characteristic of the lower stratum of the intenial subslnnee of 
leaves (fig. 472); c occurs in the stems and leaf-stalks of aquatic plants, 
in the pith of Hushes (fig. 474 ), &c. 

617. Perfect pnrenclijfmn is composed of cells Imunded and united 
together by plane surfaces ; where the cells arc regular polyhf*dra, 
of about equal size, the tissue is (a) regular parenchtfmft ; if the size 
is unec|ual and the forms unlike, the tissue becomes (b) irregular 
parenchyma. Certain modifications of regular parenchyma have 
received distinct names, viz. ; — (c) prismatic parenchyma, where the 
cells are 6-sidcd prisms with pyramidal ends; (d) rnuriform paren^ 
chyma, where the cells are square or oblong, with the long diameter 
horizontal, and packed like bricks in a wall : and {e) tabular paren- 
chyma, where the cells are flattened from above downwards. 

The form a is abundant throughout all classes of plants, and is well 
seen in fully developed pith of tScotvledons (fig. 47<)) ; b is even more 
common in the soft jlarts of plants (fig. 477) ; c is met with in the hf»r- 
haceous stems of Monocotyledons, and in the upper part of the diachyma 
of leares,^ also in a woody condition in the testa or various seeds ; d is 
charactOiistic of cortical striictures, and may be seen in cork, periderm 
of Birch, the rind' of the rhizome of Tamm &c., also in the medullary 
rays of IHeotyledons; e occurs specially in the epidermal cells. 
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Morcnchvrnn anil tMiri^nchyma in tlwiir various moditications run into 
one auoth»*r by nnuilloHrt iiileruuHliato conditions. 

(ils. Pronaic h^mg^ is composed of cells elongated greatly in one 
direction, and attenuated to a more or less acute point at each end, 
formin*^ what is called a fibre. These fibres arc necessarily united 
for tlu* most part by their lateral surfaces, and their ends are insi- 
nuat(Ml into the spaces between those l}in^‘ above and below them. 

Wo <h.stin‘j:uis]i in prosencliynia two modifications — (i/) woody fhre, 
composed of spindle-sliaped cells of moderate length, and (b) liler^ 
coinpos<Kl of very long slender cells which are occasionally slightly 
brani'hed. 

Wo(uly fibre is the main constituent of tlie trunks of Dicotyledons ; its 
cells are mostly of rectangular sta tion, and the walls become greatly 
thielo*ned with age. Lihcr, the lihrouf* siibsiance of the baik of Dico- 
ty Irdons, a principal constituent in the fibre- vas<*nlar bundles of Monocor 
tyh'dons (tig. 471 ), and of the fibrous lni>ks of fruits, iX:c., is composed of 
very long cells, whose membranes ar(‘ of a peculiar toughness, even when 
greatly tidekened; their section is commojiiy roundish (fig. 470) or hexa- 
gonal. The peculiar tenacity of the vegetable fibre's. Flax, Hemp, &c., 
aris< s from the forms and mode of union of the lilier-cells of which they 
c(msi>t ; the “grain*’ (4* wood is likewise determined by the direction of 
the long uxjs of the pros('uchymatous cells of which it is ceunposed. 

('ondmtwy cvllf* are long cylindrical cells, placed one over the other, 
and not ta]u*ring at the ends, and are supposed to be channels for the 
pa>sag‘c of the nutrient fluid. 

()10. CoUenchyma is cellular tissue which has acquired a carti- 
laginous or horny texture by its cells becoming greatly thickened by 
secondary layers of a substance softening or swelling up in water, or 
on the addition of weak sulphuric acid. 

Tlie lamination of the cell-walls is often invisible until after macera- 
tion : Si) that the tissue looks like a mass of homogeiu'ous substance, exca- 
vated into cavities, or like a collection of cells with abundant intercellular 


Fig. .TO. Fig. nOG. 



Fig, t50r». Trftimwwe wc'tion of oollenchyma-cella of the stem of Beet t a, thickened celbwaU* 

IMtngii, t^H) diHm. ....a.i. 

Fig. 506. Section of the jnneUon of four eells (o) of 4lg. treated with hydrochlono acid : «, 

lamina iMumding the ravity of the cells; 6, swollen secondary layers; e, primary 
xAemhrane. Magn. 400 diam. 
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sul)stance. A solution of chromic acid also serves to show the laminated 
structure ; but if used too strong, it dissolves the intercellular substance. 
This tissue occurs in the rind of many herbaceous plants, as Chenopodi- 
aceae (figs. oOo & 500), Cucur- 
bita, Nymphaa (fig. 485), and * Fig. 507. 

in the pith and medullary ra)rs 
of the species of Adraytdus 
(forming tragacauth and 
to the same bead may be re- 
ferred the substance of fleshy 
endosperms (fig. 507), and also 
the cartilaginous thallus of the 
Iwger Algee. 

620. Tda contexta is com- 
posed of elongated cylindri- 
cal cells united end to end 
into filaments, and either 
simple or branched laterally, 
interwoven irregularly into 
a kind of felted mass. 

This tissue occurs in the 
thallus of Lichens, fonning 
the internal or medullarv sub- 
stance, also in the thallus of 
some Algae. The mycelium of 
the Fungi i^ likewise composed of felted cellular filaments forming a free 
cottony mass (fig. 468, b & n). 



Section of the cells of the seed of Sopkorn Japo7ii»*a : 
a, thiokiMted cell-walig; 6, cavity of the cells 
(bounded by a double line). Ma|;n. 40») dinm. 


621. Vascular tissue is formed by the fusion of perpendicular rows 
of cells ; by the absorption of tfeeir contiguous walls they become con- 
verted into continuous tubes of more or less considerable length. 

When the constituent cells have spiral-fibrous secondary deposits, 
they are usually of proscnchymatous form, and they overlap each 
other so that the lines of union are oblique ; sometimes these spiroid 
tabes are distinguished as vessels from those formed of the usually 
shorter, mostly wider, and more or less flat-ended cells which have 
pitted walls, and which are called dotted or pitted ducts. 

Another kind of vessels characterized by thin walls, often with 
the latticed marking (§ 585), are distinguished as vam propria, 

lire dotted ducts are coabected with the spiroids through the scalari- 
Ibnn vessels, but in their extreme forms a’*e veiy unlike, and are found in 
very different situations. 

022. The vessfllf like the cells (§ 586), may be spiral^ annular, 
reticulated, or sealariform. The constituent cells may be long or 
ahoit } ill the latter case tho v^sels are sometimes called monilifonn. 
The structure often remains when the primary mem- 

brane ie abeorbed at the surface of jonctioiii so that tho consti- 




Fiff. rm, FrRjcmi^nt of « WiMl fW)ni the »tem of a GotiH. 

Fiu. ftlO. FrnSmont of a npittU vciisel otlmpatmi* Mogiu 400 diawi.^ 

Fig 511 Fni^ent of the wall <rf a rehoidated veasel ot Bhubitfb. h 
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Spiral vessels (fig. 508) are found in the' youngest and most delicate 
parts of the plants in which they occur. They are the parts of the w'oody 
structure first developed in stems; they are extensively developed in the 
ribs of leaf-stalks and leaves, and almost exclusively constitute those of 
the organs of flowers, as may be seen in petals. In stems and leaf-stalks, 
especially of fast-growing organs, the constituent cells are often very 
long and the course of the vessels straight ; in roots, and in concentrated 
rhizomes and conns, &c., the constituent cells are mostly short and the 
course of vessels tortuous. The .spiral fibre in the interior of these ve.s.sels 
hjis been considered to be hollow or tubular ; but this is not generally 
regarded as correct. • . . ' 

Annular vewc/s*(fig* 509) are found in situations similar to the la.«t, 
being generally formed a little later iii the same bundles. They are com- 
monly of greater diamete;* than true .spirals. This is the commonest form 
of vessel in the Equisetacejo. • 

Meticulated vessels (fig. 511) are abundantly developed with the spiral 
and annular liinds in succulent stems, roots, petioles, &c. They are very 
important constituents in the fibi’o-vascular bundles of Monocotyledons 
generally. They are mostly of rather large diameter ; their cells long in 
stem-structures, short apd irregularly formed in roots and in the inner 
cortical region of Mpnodotvledonoii^ stem.s, where a number of ve-ssels are 
often anastomosed into a land of network. 

Smlarifonn vessels (fig. 401) are e.specially characteristic of the woody 
structures of the Ferns and Lycopodiacem, in which they sometimes occiir 
of very large diameter. ' < 

. Movst vessels are cylindrical, and present a more or less circular section ; 
but the scalariform are prismatic, usually with an liexagonal section. 

Vessels, when once formed, are usually persistent ; but in some water- 

S lanta the stem when young is traversed by a single spiral ve.ssel, which 
isappears as the stem grows older, «o that in the adult condition the 
stem seems wholly cellular with a central lacuna. 

623. The pitted or dotted ducts 486) are eharacteristic of tho 
wood of Dicotyledons, where they occur either scattered in the pros- 
enchyina, oy forming the principal constituent of the wood. 

The walls of pitted ducts are not always uniform, this depending 
in some cases upon the nature ,of the organs with which they are in 
contact, wh^th^ cells or other ducts, since the pits always corre- 
fl^ond on the 'walls of adjacent organs, and they are ordinarily less 
numerous' and less fogular on the walls of prosenebyraatous cells 
than on tho.se of ducts. 

pits and their bordore (§ 584) are very generally somewhat 
elm^ated obliquely ; and the banal t)ie pit is often enlarged into a 
traQs verso slit in tho, inner part^ isvhich in some eases becomes con- 
jflnmit w|th that of its neighbours.* In some plants we find ducts with 
the W’ail ihaVked both with piti^ and a spiral ^bre, like the walls of 
the wood-dells of T£Z.rw^ (fig. 492).’ 

Pitted duets with uniform walls make mp the chief mass of the wood 
ef Ctmudis, tn the^^WoOd of JUcier, Beech, Hazel, Aldeiy &:c. we find ducts 
with |it8 on the walls adjoining other dnct||but distant or 
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absent on the walls adjoininf? wood-cells. In Bomhax the wood-cells are 
for the most part replaced. by parenchyma-cells, and the walls of ducts 
adjoining these have the pits destitute of the border &c. 

Pitted ducts form the large tubes, visibL3 to the naked eye, seen in cross 
sections of most woods, especially Oak, .Mahogany, kc.. They are absent 
from the wood of the Conifene, which is wholly composed of simpfe 
wood-cells (lig. 487). 

024. Vgtm 'propria aro elongated cells with thin walls, and either 
oblique ortlat ends where they adhere togoUier ; tjiey Vary in dia- 
meter, like the spiroids, and present on their w'alls large pits or 
spaces, covered with a kind of line nctworlc of*- fibres, as in 
clatlirate cells described in a former section (§ 5S5). 

Cells of this character (which differ from the conducting-cells before 
alluded to, in that the latter are destitute, of markings or pits ; always occur 
in tliei middle of the iibro- vascular bundres of .Monocotyledons; and they are 
intermixed, mostly in alternate layers, with the liber in the fibrous layer 
of the bark of Dicotyledons. They are strikingly distinguished from spi- 
raids l)y containing thick and opake sap, while the latter usually contain 
only air when fully developed. , ' 

(^•isparv inc}ud<3S under the head of conducting-cells not only those 
cylindrical tubes before alluded to, but also elongated cell's having the form 
and appearance of vessels, except that they do not. form continuous tubes, 
but are separated one from the other by partitions formed by the adjacent 
ends of the cedis. The latidferous duclf^ are mentioned elsewhere. , 


I' he Sf/stemii, 

are combinations of tissues, of like or different form 
and character, into elementary structures formed on dctiiiite plans, 
ami destined for particular purposes in the economy of the plant. 

1)2(5. In till? simpler, plants there generally exLsts no distinction of 
systems : but even in the higher Algic ami l.ichens, there is a differ- 
ence in tile cortical and meduliury portions of the thaUus. In plants 
j)ossessiiig stems and leaves, the fibro-vascnlar or wood-system makes 
its api)C‘{iranee ; and we may distinguish in the riuviicTogamia three 
pi’iniaiy' systems, viz. the p^rUuIa r^ the Fihty-jf((scuh(f\ and Cortical 
Sf/stans, These are all formed of pfoper constituent cells* m' tissue's.^ 
Besides these, wc have systems w hich arc formed for tlie most 
part by the iiiterspaoes between, the cells of tdic above tissues^ A’iz. 
the Amal consisting of intercellular jiassages, spaces,, or 

even large cavities ; and the Se cretory Sps ten% including the milk- 
vbssels, reservoirs for secretitThT^gTands^^ 


A, The Cellular System, ' 

()28. This name is applied to the cellular tissues forming the groat 
mass of the living structure of plants.- In' the Thallophytos it forme 
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the whole organization, the superficial layer of the larger kinds of 
thallus not being a true cortical layer like that of the hi^er plants. 
In the Mosses and Hepaiica3 Httlo is added to the ceilumr system, 
the fihro^vascuhiv system appearing in a very simple form in the 
stems, and the cortical in tlie shape of an epidermis to the seta. In 
the higher Cryptogamia and the Phanerogamia the cellular system is 
less predominant, except in the temporary organs. In the stems 
and roots it forms the pith and medullaiy rjiys of Dicotyledons, and 
the diffused medullary system of Monocoty ledons, together with the 
cambial structures in all growing regions*; and it forms the mass of 
the leaves and’ the parts of the flower. It is in this system that the 
•vital processes of vegetation arc chiefly carried on. 


B. The Fihro-vasoular System, 

629. This system forms all the woody strucinres of plants, which 
in all cases are composed of a (pianlil)' of conjoined portions of ccdliilar 
and vascular tissue awranged in a peciiliai’ manner. The kind of 
cellular tissue associated with the vessels being mostly prosenchyma 
or Jibrous tissue, the constituent elements of wood arc called JiOro- 
vascular bundles. 

All woody substance appears originally in the condition of isolaled 
fibro-vascular bundles, which, when they remain separate, form what 
ar# commonly called fibres,” and when they combine together into 
a solid mass, form wood.” The bundles remain as “ fibre^s " in the 
stems of Monocotyledons ; they arc in the same state in the earliest 
conditions of the stems of Dicotyledons ; and such “ fibres ” form ihv 
ribs of leaves and other orgfiis. 

630. 'The fibro-vascular bundles differ in their modes of growth in 
different Classes of Plants, which, in consequence of this, exhibit 
considerable difference in the structyre of their mature stems. 

The simplest form is absolutely •^thout the vessels, as we find it in 
the Mosses and somb of the simple aquatic Phanerogamia {Fata mo- 
geton) composed simply of cords i^prosencbyma traversing the cel- 
lular tissue. 

631* , Complete bundles, however, poates several elements ar- 
in definite order ; these belong to^the wood-region, the 
^C^hinm-region, and the liber-region, ’pio tyoo/Z-region, which 
li^ next the centre of the stem, is compel of short-celled pros- 
enchl'l^. intermingled with spiral and , other vessels (and in 
Xm^ityl^ons >pitted ducts); the cewfttti^-region is composed of 
Pl ^ nohVffiia . in a^nascent condition, the cells thin- walled, and 
ptimordiai utricles the H6e?*-region is composed 
of voty long prosench^atous ti8sue'^:(u8uaUy in "the condition of 
isolated or thin laminm connected hy cellular tissue in the 
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Dicotyledons). In the Monocotyledons the middle of the cambium- 
rcgioji is converted into vasa 

propria (figj. 512). Fig. 512. 


():i2. In the Higher Cryp- 
toginnia the bundl(?s do not 
alter in their condition when 
once formed, and they ana- 
stomose with those that suc- 
ceed them in successive inter- 
nodes of the stem, so tliat 
th(^ fihro- vascular structure 
appears continmus. In the 
^tonocotylcdons the bundles 
are formed by degrees, a cam- 
bium-region occupying the 
eontral part at first ; but after 
, a time this wlmlly resolved 
j into wood, liber, and vam 
\ propria. • Theses bundles re- 
main isolated in the stem, 
imvcr alter in condition after 
the first season <>f growth, 
and turn outwards to termi- 
nate at the surface of the stem 
al)OV(^ and below, aiinstomo- 



sing with their successors. 

In the Dicotyknlons - the 
bundles in a young shoot some- 
what resemble those of ^Mono- 
oofylodons, hut they' stand in a 
regular ring round the pith. 


if onoootr 1 »h 1< )nou9 fibro- vascular bundle (from the 
8na«lix"of Phoenix, dacfylijftrn'). A. Transverse 
section. B. Vertical section: », parenchyma in 
which the bundles lie; «, wood-cells; «v, spiral 
vessels; r/., ret) culu ted ducts: vp^vata propria'; 
1. liber-cells, Magn. 100 diam. 

)n the inside they present spiral and 


annular vessels ; next, a mass of prosenchymawith dotted ducts, which 
passes gradually into the carabium-layer ; the latter is bounded exter- 
nally by liber, among the bundloi’pf which are vam propria. These 
bundles are indefinite in their growth. The lower extremities elon- 
gate indefinitely in the root ; the upper extremities anastomose and 
become continuous with their* successors •, and, above all, the. cam- 
bium-region is an indefinite focus of development, forming a new 


layer of wmody substance inside, and a new layer of liber outside 


during every season of growth. 


The neculiarities of thdNibro-vascular bundles will be better under- 
stood when we treat of the structure of Stems, 

The different mode of growth of fibro-Viwottlar bundles has given rise to 
a particular nomenclature for them. The bundles of Crvptogamia, de- 
veloped in all parts at once, axe cedled simultaneous bumtes; those of 

z2 
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Phanerogainia, exhibiting when young a cambium-region, are progrvsi<ive 
hiifidhsj which, ceasing to develope at tlie end of the first season in Mono- 
cotyledons, are dejmitcy but wdieii growing season after season, as in Di- 
cotyledons, are indejinite. 


C. The Cortical Sgstem. 

633. In young stems and in hcr})aceous organs generally this 
system is termed the ephltnnal agstem ; as steins grow older, tliis 
gives place to the harJc or rind. 

The si mplest for m in which the epidermal system can exist is that, 
/of a simple layer ~ of Hat’ cells firmly unitftl by their. sides, forming a 
j continuous coat over the surface of a plant. The constituent cells 
of the epidermis are entirely devoid of chlorjQphyll or granular matter. 
Such an epidermis clothes all the organs of jdants above the C-lass of 
Mosses ; and it presents this simple general character on all young 
fetrncturos, with one special distinction only, that on submeiged 
(organs and on roots it is absolutely continuous and impervious ; while 
on parts exposed to the air it presents more or less iiuniE^rons orifices 
guarded by a peculiar cellular structure called a shana (tig. 513. 

^ 634. The are orifices between the meeting angles of tlie 

epidermal cells (fig. 51 4, If ), in wliich orifices lie, rather to the under- 
side, a pair of cells of somilunar thnn (fig. 5 14, A, (' ), se])arate on their 
adjacent sides, .so that in expan.^ion and contraction they close and 
0|)en a sliVlike passage beneath the su])erticial orifice. This .^lit 
(fig. 514, A, s) leads to an open intercellular space within the sub- 
stance of the leaf. 


In Nerivm the stomata are on the walls itt' pit.s or dcpres.sions on the 
under face of the leaf. Sometime.'* the stoma i.s fomuMl of four (Jells, and 
then either in two pairs, as in Fican efasticOf or the four C(dl.s form the 
(quadrants of a circle, as in various Prot<*aceie. 

Stomata ar(j most abundant usually on the lower surface of leaves, oft(‘ii 
fwantiug on tht? upper surface — tixeept on the floating loave.s of aipialic 
mlants, where they exist on the upper surface, and are absent where tie* 
leaf touches the wat(3r. lliey are occasionally found in the interior of 
organs, as on the replum of Cruc^rs. They vary in freepumev, partly 
bearing propoilion to the size of the cells of the epidermis, partly irrela- 
tive to this. Sometimes ICO will be found in a .square hV/e, sometimes ns 
many as 1000 to 3000. On the leaf of Bramea Bapa a .square line l^ears 
180(5 on the upper face, riotX) on the low'er ; Victoria regia IWX) on a 
square line above, and none-below. A few other examples may be ciled. 

On thf ufper 
face. 

. Cherry-Laurel None. 

Laurustinus do. 

Daphne Mezereum do. ^ 30 

Carnation 250 • 250 

Garden flag 80 80 

Garden Rhubarb 7 ^ 

Lilac None. 000 


• On the lower face. 

625 to a .square line. 

02r. „ 
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From the researches of ])iichai*tr«j, Morren, and others, the following 
conclusions inav he drawn, subject, however, to many exceptions. Sto- 
mata are more abundant in woody than in hiTbaceous plants, in leathery 
rather than in leaves of thinner texture. Succulent leaves contain the 
sniall(yst numbers of stomata. Where leaves are alike in texture and 
colour on both surfaces, the number of stomata is about equal on both 
sides ; when one side is glossy and the other dull, the stomata are most 
abundant on the latter &c. 


Fig. 514. 

A 



Fig. nl3. Epidrrmis of ttie lower surface of the leaf of HrUehorugfeetidus: a, stoma. Ma^ 
l?o0 diain. 

Fig. oM. Sioinata of the leaf of I^arciggtut P»eu<fo-y«irewsi*a. A. Vertical section of the epi- 
tli nnal nnd subjacent cells, passing through a stonui./f: c, cutieular pellicle ex- 
tending down into tlu? stomatal cajrily. ft & C. Horizontal section of the epi- 
dermis, paasinc through the plane of jr in A: B, seen from above; C. seen fix>m 
bolow; a, smaDer epideriunl cells eom'spouding in position to the stotnata, but 
remaining in their original c-ondition. Magn. 200 diam. 

1)35. The colls of the opidermia exhibit a great variety of forms in 
the loiives and petals of Phanerogamia. It is very common for the 
side-walls, by wliich they aeijoin, to bo sinuous or zigzagged, often 
presenting very elegant patterns, especially on petals. The e.xtemal 
wall of the colls is nsual|y more or less convex ; and in petals this 
condition is carried further, through numerous gradations, until w© 
find a papillose condition, arising from each epidermal cell being 
produced above into a little obtuse cone. 

()3G. Hairs and scales of all kinds, ** scurf,” such as we see in 

z 3 
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the Bromcliaccff) &c., depend on the development of the epidermal 

( cells. Simple hairs are merely single epidermal cadis produced into 
a tubular filament ; cell-multiplication usually occurs in sucli hairs, 
so that they present a number of joints (fig. 515, h ) ; and not unfre- 

Fiii'. 515. 



Fig. 515. Epidt'rmal appendage's: «7, gland of P/vm/iW/zj, in v«Tlical section siinpl*’ julnlrd 
hair of Pelan/cuiuiu ; t\ hair of Sovhiu; «/, hair of garden 

themum; c, Htur of a (irtiiHea \ hair of the bulbil of Achimt'ncy, with a glan- 
dular tomiinal coll. All magn. 50 diam. 

-k 

f quently they are more or less branched (fig. 515, c, d). Glandular 
hairs differ merely in certain of their cells secreting oils or n^sins in 
their cavities (fig. 515,/). Seales are produced by epidermal cells 
growing out into fiat cellular plates instead of projecting filtiments. 
.Tlionis, such as those of the Rose, the sjunes of leaves, lil«^ those of 
the* Holly, iSre. are epidermal products in which the cells becoim^ 
tliickened by woody secondary depo.sits. 

637. The most remarkable diversities of condition of texture of 
herbaceous organs depend on the con.si.stencc which the epidt'rmal 
layer actpiires. The leathery texture of evergreens, the woody cha- 
racter of the leaves of Conifers, &c. depend chiefiy on depo.sits formed 
on the wall of the epidermal cells. 

In all epidermis exposed to the air, the outer walls of th(i cells 
become early strengthened by secondary deposits; these arc very 
thin and slight in soft herWeous leaves, especially ^hen such 


Fig. 510. Fig. 517. 



Verttcal of epid«'mat cpUh of the leef of Uoya eartioM : a, the portion of the 

fiecaiidftry Ivfer coloured jclloer by iodine. Hiign. 440 diniu. 

Fig. n7* Scctioit 0* in Old, trented with cnu«4ic i>otEish: a, detached cuticular h, 

the layer* of tmokening of the outer wallf of the bella. ACagn. 440 diam. 
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plants are roared in a warm, moist atmosphere. In leathery or 
hard leaves, also in the thick tough leaves of succulent plants, such 
as the Aloes, Hoya (figs. 510 & 517), &c., the secondary layers acquire 
great thickness ; and in the epidermis of the branches of Vismm 
(fig. 5 IS) the cells become absolutely filled up, and the cells of the 
subjacent layer of tissue also suffer the same change. 

Oils. Ill the course of this thickening, the superficial laminae, 
exposed to tile air, become more or less chemically changed, and at 
the same time fused, as it 
were, into a coiitiimous 


layer all over tlie surface 
of the organ ; and hy ma- 
ceration or applying nitric 
acid wc may separate this 
•^^uter stratum as a con- 
tiinioiis sheet or pcUicle. 
This layer, w^ich strongly 
resists decomposition, is 
called tllti ntMf- (fi***"^ 
517 510, rt). Home 

authors explain its origin 
hy supposing it to bo a 
substance excreted from 
the outer walls of the epi- 
dermnl colls, and hardened 
into a pellicle (like a var- 
nish ) there. Ihit by tracing 
the development, it is seen 
to he merely the altered 
outer walls of the cells. 

In (hfcas, the inner la- 
mina) of tlie secondary de- 
])osits exhibit- pits (§ 582) 
like tliose found on the 
walls of wood-cells ; but 



Vertical nection of epidernuil cells of old btem of 
J'iscum (ilbutn. Alagn. K-Hj diain. 


Fig. 519. 



this is a veiy rare phe- 
nomenon. 


Vertical sci iiou of cpitleniial ivlls of IL lUboni^ 
Jtvtidu4i : a. cuticle. Ma^n. 440 diani. 


0119. The aerial roots of Oreliidacca? ei^ibit a curious structure, 


the growing extremities being clothed by a whitish cellular tissue 
composed of several layers of ’^cells with a delicate spiral fibrous 
deposit on their walls. This layer forms a kind of coat over the rcal 
(epidermis of the root, and is known by the name of the velamen 
raj^-um, • 

040. QqrL — The young shoots of Dicotyledonous trees and shrubs 
are clothed with epidermis^ like herbaceous plants ; but before the 
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close of the first season of growth, in most cases, the green colour 
gives place to brown, which is owing to the formation of a layer of 
cork from the outer layers of cortical parenchyma. Cork is com- 
poswl of tabular thin-walled cells, containing only air ; the surface 
of the corky layer is usually rough and irregular, and it peels off in 
lamime periodically in certain plants, being renewed by development 
from the green cellular layer which it covers. 

In some plants the corky layer is little developed, in others very much, 
as in the Cotk-Oak. In the Vine and Clematis me corky layer is scarcely 
distinguishable after the lirst year’s growth, as the bark breaks away, down 
to the liber, in stringy shreds. In J'iscum no cork occurs; tnen in shoots 
eight or nine yeai-s old the epidermis remains, but completely consolidated 
by secondary deposits, as noticed above (§ 


D. The Aenal Stfstenu 

641. In most parenchymatous tissues of the higher plants we find 
the cells so dis|)asod as fo leave passages of greater or less capacity 
between them, which passages are usually found filled with air, n])- 
parently secreted from the conteifts of the cells. In imperfect paren- 
chyma (fig. 470) these hitervtUfdat* passatjes oc^py a very con- 
siderable portion of the apaee filled by the tissue, and they inter- 
commnnicate in all directions. The spongiform cellular substance 
of leaves is traversed by larger passages of this kind (fig, 472), ex- 
panded in many places into air-spaces, forming a continuous system 
of cavities, which are iu direct communication with the external air 
by the stomata. When stellate cellular tissue exists (fig. 474), the 
air-spaces are very extensively developed. 

No intercellular passages or spaces exist in young tissues ; they are 
subsequentlv formed by the ceils separating from each other as they 
expand, and excrf3ting air into the intewpaces. 

642. Air-canals are long tubular channels, in petioles (Xym- 
phteaceoe) or stems (Htjypurts, Potamogeton, &c.), bounded by a 
cellular wall, and generally arrai!%ed in a definite manner in the 
organs in which tliey occur. They arc sometimes continuous through 
long tracts of Uie stems or petioles (Nymphmaccce), or they are sub- 
divided into chambers by cellular diaphragms occurring at intervals 
(petioles of Mma, stem of Ilippuris, Mgriaphytlum, &c.). 

643. LaciincB arc formed by thi^*^iiui*Sr tissue being tom down 
and destroyed by expansion of the flanidnding tissue : examples of 
thif occur in the fistular stems of ^be^fene, which when young 
have a solid pith ; but this is tom away by the expansion of the 
cylinder of fibro-vascular bundles, and leaves a tubular cavit}*. The 
hollow stems of Grasses, of Equisetacem^ fte. originate in the same 
way. 
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E. The Secretortf Sijstem, 

^>44. The structures in which are found the substances usually 
c.'dlod the secretions of plants, coiifeist of glands, reservoirs, and canals 
for peculiar secretions (resins, oils, &c.), and the so-called milk-- 
vessels. They for the most part occur only in particular plants or 
particular orphans, and present many special modifications in dif- 
lerent Natural Orders. 

<*‘45. (Hands are the structures of this kind most frequently met 
with, and they are generally connected in some manner with the 
(‘pidcaanal tissue. Glands may be divided into simple nnH compound, 
and also into external and internal. 

Simple ('xterniil glands arc in luost cases glandular hairs ; i. e. the 
terminal cell of a jointed hair is expanded and filled with «»il or 
•other secretion. Of tliis nature are the glands of the foliage, flowers, 
tS:c. of many Jvabiata', Scropliulariacca) (fig. 515,/), icc. 

Simple inti'rnal gl{jnds are mostly isolated ctdls of the layer imme- 
diately subjacent to the <‘pidermis, as in the leaves of Begonia, 
kgsimachia vulgaris, the petals of Magnolia^ tfec. Such glands occur 
also in the leaves of Lauracea\ The cystolithes of Urticaceoe are 
related to these (j^.012). 

('\}(nponnd. extijnal glands are soine^mes hair-liko growths from 
t ho "dipicTef nils', with the summit (/Iro^w/) or the Xmset {Bictamnus, 
fig. 515, u) developed into a cellular nodule, tlio cells of which either 
contain tlu^ secretion or surround a large central cell filled with it. 

( )thor suj)erficial glands form papilla^ of various shapes, in like mtiuner 
eillier Avholly formed of secreting cells, or with a central reservoir, 
as in the Hop, llegoniacece, Rosacete, Leguininosa, &c. 

Conipoand i nternal gla nds are commonly 
rescTvoirs stiTrouncled oy.’li ' special layer of 
cells, lying just beneath or sometimes rising 
in a dome-shape a little above the surface of 
the (‘pidermis. Ikxamples of this occur in the 
lea ves of llnta (fig. 520), the rind of the fruit 
of Oranges, LemoJis, &e., leaves and stems of 
Hypericacea', Myrtacetu, &c. 

None of tliese glands have excivtory ducts like Vortit^ai siMion of et.iairuiis 
the glands of animals. In niauv ease's the 8eci*’e- fjland of 

tioiis exude through the membrane, and give a ’ 

petMiliar cliaracter to the siirfae^l^^tlie organs in 

which they are found. A very^gl^i'al form of secretion of this kind is 
tlie exudation of s/icchariue fluid from the superficial cells, very common 
at the base of petals and ovaries, on the stigma, and sometimes on leaves, 
or at parlictdar points of the lower surface of the leaves, as of Pf'ums 
Lanrovermus, tlie Laurustimis, and other shrubs. 

046 . Btings ape a fom of glands, consisting of a long, stiff and 
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pointed hair expanded into n bulb at the base, containing tlio poison. 
This bulb is surrounded by a layer of cells derived from the epidermis, 
which by their tension exert a certain pressure, whence it results 
that when the point of the stinging-hair is broken off, the fluid is 
pressed out from the orifice. 

647. lieservoirs for peculiar secretions may be regarded as a 
highly developed form of the internal glands. Those of tike Coni- 
feroB consist of cylindrical bundles of thin -walled cells, filled with 
resin, Uung in the midst of the wood, parallel with the hbro-vas- 
cular structures. Similar reservoirs exist 
in the roots of Ilhubarb, in the leaves of 
Aloes, (fee. 

648. The canals for secretions differ from 
the foregoing in being intercellular channels 
bounded by a definite layer of cells conjoined 
so as to form a closed tube. Such canals 
occur, containing resin, in the bark of the 
Conifene, in the petioles of Cycadacesc, in 
the Umbelliferae, Compositue, Anacardiaccie, 

&c. &c. 

640. The nulh-vessels otl^0^^*oi(scanals, 
containing the late,v or millc^juico of Papa- 
veracesD, Euphorbiacem, Cichoracese, 4fec.,aii- 
» pear to be intercellular passages which be- 
come bounded by a false membrane from 
alteration of the walls of the cells between 
which they lie ; and this \4cw of their struc- 
ture has till recently been the one most 
generally adopted; but the more recent 
researches of German and French ana- 
tomists lead to the conclusion that they 
vessels, from the confluence of cells into tubes, Trecul even states 
that the laticiferous tubes anastomose with the true vessels and pass 
their contents into the cavity of the latter. They occur most abun- 
dantly in the pith and inner layer of the bark of stems, and in the 
cellular substance of roots, ami arc found in the form of more or 
less regular, simple or ramified channels in stems, petioles, &c., but 
much more irregular and tortuous in, roots, and frequently anasto- 
mpsed into a complete network. jExajnples of the former may be 
found in stems of Papaveracem, &c. ; of the latter in 

the roots of the Dandelion (fig. 521), Chicory, <kc. Dippel, who 
made a special study of these organs, holds that the laticiferous ves- 
sels replace the ‘‘ clathrate cells” of other plants. 

The milk-vessels contain an opalescent granular fluid, in which 
are suspended globules of caoutchouc or other resins, and frequently 


Fig. 5i>l. 



I^Uifift'rouacftnnls from thi' root 
of Bamk'iion. Ma^^n. UK>aiani. 

are formed, like other 
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{ilso starch-granules. The milky character is only acquired on ex- 
posure to the air, and it disappears again as the juice hardens into a 
resin. 

liatox-canals are romarkahle among the secreting-appiiratus of plants, 
from their juices containing many of the most active and important 
of the special organic compounds. Besides the pure gum-resins, such as 
Caoutchouc, Gutta-percha, Gamboge, A^c., they cany substances contain- 
ing vegetable allcaloids, such as Opium, Lactucarium, &c. 


Sect. 4. Internal Anatomy op Organs. 

G50. All young plants arc composed of cellular tissue alone ; and 
the Thallophytes never acxpiire any of the more highly developed 
systems ” which we meet with in full-grown dowering plants and 
the higlicr Cryptogamia. In the stems of the latler, the ‘‘ systems” 
})resent 8])ccial modes of arrangement, respectively characteristic of 
the great Classes. 

The more or less uniform condition of the tissues in the Thallophytes is 
connected with great simplicity in the physiolugical processes oi vegeta- 
tion and growth ; while in the higluir plants tlio dillereiice of internal 
organization is a<U‘ompanied hj iniportati^t differences in the modes of 
dtivelopmeiit of the axis. It w<iiild to exct»ed our limits very 

widely to enter into minute details of the internal structure of the organs 
of vegetation of plants generally ; but it is requisite not only to give a 
general sketch of the plan of organizatiitn, but to describe some of the 
more importaut nrodificatious met with in the higher (Masses. 


Structure of Stems iljV, 

f)51. As a general rule, plants possessing stems and leaves cx- 
liibit in their ste'tns a definitely arranged fibro- vascular system, the 
bundles of which send off branches, or pass off themselves entirely, 
to form the ribs and veins of the leaves. The same axial system 
furnishes below, directly or indirectly, the bundles which constitute 
the woody central mass of roots. 

Exceptions to the above occur in the highest Classes, in plants with 
vegetative organs of low type and in aquatic plants ; in the latter espe- 
cially, the fibro-vascular bundles seldom extena into the blade of the leaf. 

G52. The simplest form of tie fibro-vascular system is seen in the 
Mouses (p. 421), whore a cord of proscnchymatous tissue runs up the 
centre of the tocad-like stem, and in some cases sends off branches 
to the leaves. ^ 

053. In the Lycopodiaceeo (p. 412) the axis of the stem is occupied 
by a fibro-vascular bundle containing spiral and sedarifonn vessels, 
which is regularly developed onwards with the growth of the point 
of the stem, sending off lateral branches of spiral vessels where leaves 
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arise, but undergoing no change after the internode in which it lies 
is once formed. 

654. In the Equisetaoem (p. 414) a ring of isolated fibre- vascular 
bundles exists in the periphery of the achdal stein, surrounded by 
liber-cells and parenchyma ; these, again, are simultaneous bundles 
(§ 632), and grow only at their jioints as the stem elongates. The 
constituent vessels are spiral or annular. 

655. In the Eenis (p. 416), where the stem acquires greater di- 
mensions, we find a number of fibro-vasciilar bundles standing in an 
irregular circle, surrounding a central cellular axis, and externally 
surrounded by a kind of rind. The bundles do not run straight up 
the stem, but in waved curves ; and they#anastomose laterally and 
separate again, leaving wide passages of communication between 
the central parenchyma and the rind (fig. 522). The b|j4»ches of 
the bundles going to siipjdy the leaves are given ojf at the anasto- 
moses of the main bundles ; and the bundles running into the (ad- 
ventitious) roots arise at similar places. These bundles are “ simul- 
taneous;*’ and therefore the stems never alter in dimensions when 
once formed. 

In cases like that of Amjlopteris evecUty where the stem is reduced 
to very small proportions, ^erc arc, according to fiction ius, three 
zones of fibro-vascular bundles, one within the other, and connected 
by intervening net-like bundles. It was formerly supposed that 
vessels of the scalarifbrra type were the only ones that occurrt'd in 
' Ferns ; but it is now well known that spiral and annular vessels 
also occur especially in the younger portions. 

656. All the above forms of the stem are characterized by being 

developed only at tho point, and containing only such bundles as 
Hre unlimited in growth at their apex, but have their elements de- 
veloped simultaneously, and “ completed,’* as it were, in each inter- 
node, step by step, with the elongation of the stem. 1 

From this circumstance, these higher Cryptogamia are often called 
Aci'ogem, or Acrohrya (point-growers). (8ec pages 192 and 193.) 
"^657. The stems of Monocotvledonous plants (§ 30) have a very 
different organization from the above. The most striking peculiarity, 
at first sight, is the isolation of the fibro-vascular bundles, which, as 
a rule, do not anastomose in any part of their course through the 
stem, and are • scattered singly in ^the parenchyma of the stem 
(fig. 523), Another important circumstance is, that tliey pass entirely 
into Iho leaves at their upper ends (fig. 524, a), while at their lower 
extremities they approach the surface of. the stem and anastomose 
*with their fellows to form a more or less developed fibrous network, 
separating the rind or cortical parenchyma from the central fibrous 
part of the stem. It is from this network that tho fibro-vascular 
axes of the (adventitious) roots are derived (fig. 524, 6), 



INTERNAL ANATOMY OF ORGANS. — STEMS. 


517 


658. The stems of Monocotyledons are very generally herbaceous, 
and thus present very important varieties of form, arising from non- 
development of internodes, according to regular plans. These modi- 
fications disguise the structure ; but it may be readily understood by 
means of diagrammatic illustrations of some of the principal forms 


Fig. o24. 



Fig. o22. Diagram of the arrangement of the flbro-vascular bundles in the stem of a ^ 
Tree-fern. > 

Fig. 523. Diagram representing the arrangement of the fibro-vaacolar bundles in a 
Palm-stem. 

Fig. 524. Another diagram, representing the upper (a) and lower (6) extremities of a ‘ 
Mouocotyledonous tnink, with its fibrous layer where the stem-bundles 
terminate and those of the root oommenee, enclosed by a cortical layer. 

()o9. The fibro-vascular bundles of Monocotyledons (fig. 525) 
being of the dejinke (§ 632) kind, they acquire their full develop- 
ment in each internode before the leaves to which they belong fall ; 
and hence the stems of this class do not increase in diameter as a 
general rule, but have a columnar character when they form woody 
trunks. But there are exceptions to this rule. 

660. It has just been stated that the fibro-vascular bundles termi- 
nate below, near the periphery of the stem, and there form a more 
or less evident network of fibres ; this network constitutes a kind of 
sheath round the general piass of the stem, and is itself covered by 
a more or less developed rind or cortical parenchyma (fig. 524, 6). 
The tissue in the region of the fibro-v^cular network, or Jihroua 

O A ♦ 
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remains in most cases in the condition of cambium, as wo see adven- 
titious roots readily formed in this situation. In Dranrna, Fucca, 
and some other woody Monocotyledons, the stem becomes increased 
in thickness \\ith the a^e of 


the tree, by the formation of 
layers of liber-like prosen- 
chyma in this Jihrous laifer 
pushing the rind outward. 
The original central fibre - 
vascular system of the stem 
remains unaltered, 

(iCl. The region, at the 
junction of the central and 
cortical parenchymas, where 
the fibre- vascular bundles 
terminate, should perhaps be 
called a can^uMLr region, 
since the cellular tissue situ- 
ated here retains its dev( lop- 
racntal pow^r in many cases. 
The essential diiferciict' bo- 
tw^een this and the cajnluum- 
riug of Dicotyledons depends 
^on the fact of its not coin- 
ciding, in a parallel arrange- 
ment, with the cambium-re- 
gion of the fibro- vascular 
bundles, but w ith the e^ fre- 


Fig. 525. 



mities of the bundles, wdiich 
alw^ays remain isolated from 
each other. The successive 
layers of fibrous' structure in 
iJraccBtia &c. arc formed in 


MonwotylfdonoUHflbro- vascular bundle (from the 
spadix of Fhtrnijc dactyhj'eru), A. Transverse 
Bcclion. B. Vertical acetion ; i», punuieliyniu, in 
which the bundles lie ; w, wood-cells ; n r, spiral 
vessels; d, reticulated duets ; cjp, vasu proprui ; 
liber-cells. Magn, lOO dium. 


like manner of isolated bundles, imbedded in parenchyma ; they are 
unconnected with the old bundles of the primary axis, ljut arti con- 
tinuous above with the lower ends of bundles belonging to the branches 
occurring in these stems ^ 

662. The stems of herbaceous Mqnocotyledons have the fibro- 
vascular system always the form of “ stringy ” fibres imbedded in 
^ Succulent parenchyma in those perennial stems of the Class 

;wbich acquire a 8olid:%oody structure the ligneous character de- 
jpends, not on the fibro-vascular system, but on the general paren- 
chyma of the stem having its cells lignified, of which wc have 
examples in Jihe Cocoa-nut and other Palms, in the Bamboo, &c. 
^6653, rind of the Monocotyledonous stem, totally diftcrent 
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from true harlc^ is generally little developed. On herbaceous stems 
it is a more epidermis ; but on fleshy rhizomes it sometimes acquires 
considerable thickness, and is then found to be composed of spongi- 
form parencliyma, with large air-cavities, the whole bounded ex- 
ternally by a few layers of tubular parenchyma with a corky outer 
surface. 

A certain number of forms occur ab-rrant from the type above described. 
In Aloe the tib]*o- vascular. bundles are so arranged m to form a kind of 
cylinder, separating a central from a cortical parenchyma. In the Smi- 
lacem, Diost^oreacem, and some other Orders the rhizomes imitate still 
more the l)icotylt.‘doiious arrangement ; for not only do the bundles stand 
in circles, they do not pass wholly otf into the leaves, but run continuously 
through the structure. Sl^ll there is no periodical resumption of activity 
in the bundles, as in the Dicotyledons. In Tradescantia, and in the Grasses 
also, anastomoses of the isolated fibres take place at the nodes of the stem. 

(h>4. The stems of Dicotyledon s, and of Coni- ^26. 

ferae which agree in the main points, are at 
first of very simple structure, almost resembling 
those of the Ferns ; but their fibyo-vascular 
bimdh'S being of the indefinite kind, capable of 
lateral growth by addition of new elements season 
after season in their outer regions, the full-grown 
stems depart widely from the preceding typos. ’ 

For purj^oses of comparison, attention must be 
confined to shoots or stems of Dicotyledons in theii* 
first year of growth, as the formation of annual layers 
is a phenomenon to which tluTO is nothing corre- 
spondent in the other Classes (excepting Conifers). 

When a young herbaceous stem of a 
Dicotyledon is cut across, we find the fibro- 
vascular bundles standing in a circle around a 
central parenchymatous mass, the pith, and 
ijnveloped by a cellular rind (fig, 520). The 
bundles mn in tolerably straight vertical courses, 
and anastomose freely ; a certain number of of the arrange- 

bundles belong to each leaf; but they do not 
j)ass off into the leaves, merely sending a branch ^ dicotyledon, 
from the inner vascular part of the bundle, while the outer woody 
mass is prolonged upwards, and is uninterruptedly continuous with 
a new bundle belonging to the leaf directly above it (which, as 
folio w^s from the laws of PhyUotaxy (§ 60 et is generally at a 

distance of several intornodes). 

666. As the stem increases in age, each fibro-vascular bundle forms 
a wedge-shaped mass of wood (fig. 627) by development of the inner 
part of the cambium-region, and at the same time a layer of liber 

2 A 2 
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at the extreme outer side, next the hark. At the close of the first 
season, therefore^ we have a central pith (fig. 527, p), immediately 
bounded by the vascular portion of the bundles (called the medullary 
sheath) (wi s), from which pass the branches to supply the leaves 
with ribs ; next come the wedges of wood {w), formed of prosen- 
chyma {pr) and ducts </)in most Dicotyledons, of prosenchyma 
alone in Conifers, which passes into the camhial or reproductive 
layer (r) ; and this is continuous outside with the 7i7>«?’-bundles (/), 
corresponding to the wedges of wood ; the liber-fibres, like the 
inner vascular elements, send branches to form part of tlio ribs of 
the leaves. 

Fi-. 527. 



Dicotyledonous fibro-Tascular bundle (Plane-tret:) of one year's growth, A. Tran8vrrn 
section. B. Verti«»l section; i^aWroaH layer of the bark; cortical jmrenrbymK 
/.liber; c, earobium-region ; (/.duets lying in the prosenchyma, or wood-cells, m*, 
medullary sheath of spiral ressels ; jp, pith. Tlie structures connected bv h belong to the 
hark, those marked ir to the wood. In A. the bundle is seen to be bounded on each side 
by a medullary ray, running from the pith to the cortical parenchyma. Magii. 50 diain. 

667. The filMJo- vascular bundles, standing side by side, do not 
become absolutely united, but are separated by thin plates of com- 
pressed cellular tissue, running out from the pith to the cortical 
parpnehyma ; these plates are called mMullarjf rap s (fig. 528). 

668. The liber-portions of the bundles are associated with rows 
of clathi ate cells (§ 585), and frequently with latex-j?anals, aud they 
are surrounded by a layer of parenchyma, composed of cells filled 
with sap and containing chlorophyll, the cellular envelope (fig. 527, 
«p); and this is protected externally by the dry euberoua layer 
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(sl)y which succeeds to the epidermis when the herbaceous shoot 
acquires a woody character. 

Many special modifications of the above type are met with in Dico- 
tyledons. In the Diperaeeie there is a kind of double concentric circle 
of iibro- vascular bundles, the inner circle supplying the leaves, but not 
possessed of a cambium -region ; while the outer circle is of the ordi- 
nary unlimited character. In the Sftpindacea 3 , MalpighiaceaB, and some 
other ()rd(U’s, part of the fibro- vascular bundles remain separate from the 
principal circle, and lay the foundation of a number of secondary cylinders 
of wood, enclosed by a common bark ; this phenomenon may be well 
obsi;rv(?d in where a square form of the stem results from four 

fibro- vascular bundles remaining free 'from the central cylinder of wood 
in this way. 

In the Nympliteacefc we find a very aberrant condition : the fibro-vas- 
culiir bundles, formed of vessels and parenchymatous cells alone, without 
wood, are quite isolated, destitute of cambium^ and form a complicated 
interlacement closely res(mibling that occurring in Monocotyledons — there 
being no distinction of pith and medullary rays, and no bark. 

A still more frequent source of diversity lies in the varied nature and 
mode of iiiTangeinent of the elements of the wood. In tlie Plane (fig. 527) 
we see the spiral and annular vessels succeeded by a body of prosencliyma, 
in which are scattered large pitted ducts. In the Hazel and Alder these 
<l\icts are far more numerous, as they are also in the Lime. In the Oak 
the prosenchymatous cells are very small, and become greatly thickened, 
but the ducts are large. The Box has very small and dense prosenchyma- 
cclls and few and small ducts. In the spongy wood of the Bombaceae the 
prostmcliyma is almost wholly replaced oy thin- walled parenchyma. 

In the Coriiferm there is a total absence of ducts, the wood being formed 
exclusively of prosenchyma with the peculiar bordered jnh (fig. 487), or, 
as in Taxm, with both pits and a spiral fibre (fig. 492). 

AVith the commencement of a second season of groudh, a 
Dicotyledonous stem begins to acquire its espc'cial peculiarities. 
AVheii the buds open to produce new shoots, cell-division recom- 
mences in the cambium-region of the old bundles, and an additional 
layer of wood is added gradually during the season to that- formed the 
year before. Season after season this process is repeated, and thus 
the cross sections of the stems present a series of concentric lamimn 
of wood corresponding to the number of seasons during which the 
stern has existed (figs. 528 & 529). 

The concentric lamcUm of wood in Dicotyledons really annual 
rintja in most trees of temperato climates. In the tropical trees it 
frequently happens that more than one ring is foninpd annually. In 
our own trees an interruption to the vegetation, aach as is caused 
by an accidental defoliation during the summer, produces additional 
annular markings. In the common ]|eet-root several rings are 
produced in one season. 

In some tropical trees (Malpighiacese) the concentric circles are not 
very clearly marked ; in others they are even separated by a distinct layer 
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of parenchyma. In the Bi^oniacem it is common to find the wood 
divided into four large portions, separated by wedge-shaped cortical struc- 
tures, giving in the honzontal section the form of a cross. The old stems 
of such plants as the Sapindacea) &c., above referred to, with isolated 
bundles outside the central woody cylinder,"* acquire very anomalous 


Fig. 628. 


Fig. 520. 



Fig. 628. Diagrams of cross sections of a one-year (A), two-vcnr (B), and thrcc-ycsr old (C) 
Dicotyledonous stem, or of the branchi's 1, 2, and S of fig. 621>. The )i‘tt<*r8 Sr> A 
indicate -6, subepous layer; e, cellular envelope running in to the black medul- 
lary rays; I, liber; c. cambium-region ; », wood; p. intHlullary rays; m, medul- 
lary shi^ath of spiral vessels ; », pith. The figures to C, 1, 2, it, mark tlie wood and 
liber belonging to the Ist, L'nd, and 3rd year. • 

Fig. 629. Diagram of a vertical section of a Dicotyledonous stem 3 years old, with 3 branches 
marked 1, 2, 3, indicating the age in years oT the branch and the internode l^dow 
it. The figures below denote the ages of the layers of liber and wowl ; p, pith ; 
c, cambium; w, medullair sheath; w c, layers of wood; ^ layers of liber; 6, 
cellular and corky layer of bark. 

* 

forms with age, Bince each fcollection of fibro-vascular bundles is developed 
annually in its cambium-rogion, and hence the stem assumes the tippoar- 
wice of aeveraJ stems enclosed in a common hark. In Cycads more than 
one year is required to complete a woody^sone ; thus, in very old stems 
orCycads, only a few rings are seen surrounding a voluminous pith. 

670. As woody trunkss increase dn size, the olAr parts of the 
wood frequently go on increasing intensity by the formation of 
iB^condary layers in the cells of the prosenchyma ; thus the old cen- 
tral wood becomes more solid, forming what is called the duramen 
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or heaH^wood, which is sometimes deeply coloured by chemical 
changes or secretions of various substances, as we see in Ebony, 
Lignum V'^itae, tfec. The young external layers of wood, in wbich 
the ascending current of iluid passes freely, is called the alburnum 
or mp-ivood, 

()71. The fibro-vascular systems of the branches of Dicotyledons 
originate independently in the hud, but soon become blended with 
tliosc of the parent axis, with which their layers of increase become 
uninterruptedly continuous. When a branch is broken off short, 
leaving no buds upon it to continue its growth, it becomes sur- 
rounded and ultimately entirely enveloped by the succeeding annual 
hiycrs of wood, and in this way forms a “knot.’’ The numerous small 
knots of the wood of Finns sylvestris arise from certain of its branches 
l)('ing broken off while small. 

C72. Thop/^/i or medulla consists of parenchymatous tissue, filled 
with nutrient matters, stored up for the use of the growing tissues. 
It is of most service in young twigs, and becomes inert in after-life, 
and often disappears as the wood grows. It exists cither as a con- 
tinuous cylinder, or is broken up into disks separated by cavities one 
from tlie other as in the Walnut. In some cases some of the cells 
of the pith retain their vitality longer than others, so that there is 
an admixture of living and dead cells ; and in this way the differences 
in the pith may oven serve to distinguish’ certain genera one from 
the other. 

073. The medullary rays (fig. 528, A) which separate the primary 
bundles are developed in the cambium-region with the yearly layers 
of wood, and always extend to the cortical parenchyma; in the 
layers of successive years the new elements of the wood separate into 
])arcels divided by secondary medullary rays (fig. 528, B, C), which 
arc repeated in each successive season. The course of the fibro- 
vascular bundles being slightly sinuous, from their lateral anasto- 
moses, the medullary rays have, singly, no great vertical dimensions ; 
and their t^ansv(?rse diameter varies in different cases. Their cells 
become lignified in heart- wood. 

074. The liber is^sually formed in successive thin laminae composed 
(d‘ slender laterally anastomosing bundles of liber-cells ; and in some 
plants these lamina) are ^pparated by layers of parenchynia, so that 
the liber-structure of old stems may be split into its annual layers. 
In some stems the liber ceases to grow after the first season. 

The hast of wdiich Russia matting is made consists of the separate 
liber-layers of the Lime-tree. ^The lace ” of the Lace-bark tree 
lintearia) is the liber, and that of other tretis of the Order Thymolacese is 
used for tying, itp bundles of cigars &c. 

075. The cellular envelope (fig. 527, is generally in an active 
condition of vegetation during the growing-season, since its tissue 
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must increase laterally (tangentially to the stem) to allow of the in- 
creasing diameter, while it produces the new suberoua structure on 
the outside. 

076. The suheroiis layer differs much in its condition in different 
trees. When it is composed of a few layers of tabular cells slowly 
increased within as the surface splits and decays, it forms a mere 
periderm : in some trees this is formed of alternate layers of large- 
celled and small-celled tissue, and splits and curls u]> info rolls, 
which gradually fall away (Birch). In other cases it is thrown off 
periodically in large plates by expansion of the silbjacent green cel- 
lular layer which reproduces it ( Plata niis). In the Elm, Oak, &c. 
the corky layer is developed regularly internally, and does not sepa- 
rate; it hence acquires considerable thickness, and is irregularly 
split up by the expansion of the stem, thus forming a rugged riiid. 

In the Cork-Oak the suberous layer is greatly developed, receiving 
considerable increment every year, composed of thin- walled muri- 
form parenchyma. 

In the Vine the old liber is thrown off annually with the scarcely distin- 
guishable peridenn ; and the same takes phice in Cle7natu. 

St rapture of 

677. The anatomy of roots presents important modifications ; but 
these are loss striking than those met with in stems. It is neces- 
sary to restrict our account of these organs to the principal facts 
only. In all cases they have a fibro-vascular axis enveloped in a 
more or less thick cortical parenchyma, covered when young by a 
delicate epidermis devoid of stdttiata (sometimes called ejnhiema), 
when old by an epidermal tissue of cor% nature. 

678. The roots of the Vascular Cryptogamia ( Ferns, Lycopodiacem> 
&c.) are all adventitious, and, excepting in the comparatively tew 
arborescent forms, are soft, succulent filaments dying off after a cer- 
tain time, to be replaced by new ones formed higher up on the stem. 
Their structure consists merely of a central fibro-vascuhy axis, sur- 
rounded by a cellular cortex and an epidermis provided with nume- 
rous root-hairs of a yellowish colour. 

679. Dicotyledons produce an axial (§ 35) root, which is a direct 

prolongation of the stem downwards; andj^oth this and the adven- 
titious roots frequently dfeveloped bn the stem have the peculiar un- 
limited fibro-vascular structure found ifi the stems of this Class, and 
may become * 5 Voody and increase hf annual layers like the ascending 
axis. . V ^ 

6S0. The radicle of a Mono cotyledono us embryo is never deve- 
loped; but if we make a section <3 the iower part of .the embr} ©, we 
find one or more little conical bocBcs imbedded in the parenchyma ; 
these are the nascent adventitious roots, which soon appear exter- 
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iially by breaking their way mechanically through the superficial 
tissue. The anatomy may, however, be more easily studied by 
tracing the development of the adventitious roots on the rhizomes of 
Hushes, Flags, and other plants of this Class. The roots originate 
(fig. 530, A, a r) in the region where the fibro-vascular bundles of the 
stem terminate (and frequently form a fibrous plexus (§ 657)). They 
are at first wholly cellular, and we may distinguish in them three 
parts, — a woody axis, which soon becomes continuous with the fibro- 
vascular plexus; a. cortical parenchyma, continuous with the inner 
part of til at of the parent stem ; and a kind of conical hood of rather 
dense cellular tissue, enveloping the end of the root. As the root 
grows, it pushes the hood forward, which breaks down the cellular 
tissjie before it, and finally appears externally. When the epidermis 


IS ruptured in this way, it presents 
slightly like a collar around the 
base of t he free part of the root : 
this is called the coleorliiza (fig. 
53(^, B, r) by some authors. The 
conical hood upon the apex of the 
root, called the piJeorhiza (fig. 
530, B, p), is more or less per- 
sistent in different cases ; in aipia- 
tic plants it becomes greatly de- 
veloj)od, as may be seen in the 
lJuckweed(/^^imwi), where it forms 
a long sheath, appearing as if 
slipped over the end of the rootlet. 
The focus of development ()f the 
root is within the pileorhiza, 
which is pushed forward by the 
continu£il development of cells just 
behind the apex. 

The pileorhiza may be compared 
to a kind of shield or guard to the 
tip of the root, protecting the nas- 
cent tissue, by the expansion of 
which it is pushed forward, itself 
always possessing a certain solidity 
wliich enables it to penetrate be- 
tween the particles of the soil. 

681. In a cross section of the 
root of a MonocotyledohVe see the 
centre occupied by prosenohjTna- 
tous tissue, with a circle of vessels 
around it ; the whole enclosed by 
regular parenchyma, sometimes by, 


circular free edge standing up 


Fig. 530. 



Development of atlventitiouB roots in 5]parr^- 
nium. A, B. Fraegments of a rhizome with 
cortical parenchyma (cp), fibrous layer if) 
'Where, the ttbro- vascular bundles h‘rm\nate, 
and central region (m p) in which the bun- 
dles run. A, 0 r, shows an adventitious root 
arisiiutfroin the cambium tiwue at the out- 
side « the fibrous layer; in B the mow ad- 
'rano^ root (a r) has emerged, leavin|^ a 
colltu* or cohorniza (c), and hanag^ 
a root-hood or pileorhisa on its extremity. 

2 A 5 
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liber-cells and covered by an epidermis. The ring of vessels prea ds 
out into a kind of rosette at the base, and anastomoses with he ex- 
tremities of the fibro- vascular bundles of the stem in the fibrous 
region (fig. 530, /). Secondary adventitious roots are formed in the 
same way in the root-s, originating immediately upon the vascular 
ring and breaking through the cortical parenchyma. 

The woody adventitious roots of arborescent Monocotyledons differ 
only in the greater development of the fibro-vascular structures ; and 
they emerge from the stem (Palms) in the form of thick conical 
shoots. 

682. When adventitious roots, like those just described, die away, 
they decay down to their very origin, and leave a scar in the form of 
an orifice surrounded by the ragged coleorhiza. 

In the thickened ajlventitioUvS roots of Asp(ira(jm^ which perform the 
function of tubers, the parenchyma is greatly developed. In the tuber- 
ous roots of Orchids (tigs. 20 & 211 the central woody 
axis becomes irregularly expanded into parenchymatous 
tissue driving the vessels out nearly to the neripliery, so 
that the characteristic structure is givally disguised. 

The aerial roots of the ep' phytic Orchids have the grow- 
ing extremitifS clothed by several layer.s of a pareti- 
chvmatous tissue, in which the cells are characterized by 
delicate open spiral -fibrous secondar)*^ layers. 

683. The axial root of Dicotyledons, being a 
direct continuation of the stem, displays a circular 
group of fibro-vascular bundles as in the asetmd- 
ing axis ; but these mostly converge at the point of 
junction of stem and root (collar), so that the 
central axis of parenchyma, the ^th, is usually ab- 
sent, the medullary rays (§ 667) remaining as in the 
stem. Externally, again, there is a difierence, since 
the liber-bundles vanish and the cambium -region 
passes at once into the cortical parenchyma, here 
colonrlcss and succulent, and this is clothed by a less 
prominent periderm than the stem. The roots of 
Dicotyledons increase in diameter by annual layers of wood formed 
in the fibro-vascular bundles, these, however, being much less regular 
in their arrangement than those of the stem on account of the tor- 
tuous course of the roots; hence while the wood of the roots is often 



Exin-mitv of the 
of a tforriii- 
natinf» Turnip. 
Mu^n. diatn. 


useful for ornamental purposes, it is comparatively valueless for 
carponti^’ whites. .®ie branches of the axial root are originally 
growths the apex of the root, thrown off to the side, as it 

were, and tteir woody axis is derived from a division of that of the 
main root* 

The radicle of a germinating Dicotyle’don has its pUeorhiza 
(fig, 531), and grows, in the same way as that of the Monocoty- 
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ledoiis, by development of cells just behind the apex. Young roots 
are covered by a delicate epidermis; and the cells of this are 
abundantly produced into hairs (Jlbrillm) in many plants, especially 
in those growing in light soils ; these fibrils are deciduous, the deli- 
cate epid()rmis (which is always destitute of stomata) being gradually 
converted into a corky layer. 

Adventitious roots are very common in Dicotyledons, especially the 
herbarooiis perennial kinds, and they alone can exist on plants raised 
from cuttings tfec. of stems. The roots originate much in the same 
way as those of tlu^ Monocotyledons, appearing first as cellular cones 
in th() region adjacent to the cambium -layer, with which the fibro- 
vascular structure soon becomes confluent. They break through 
the* rinrl, ^\dth a coleorhiza, and protected by a pileorhiza, just as in 
Monocotyledons ; but wlien once formed, they appear to branch in the 
same manner as the axial root, and not by the formation of secondary 
adven til ions roots. 

Trcciil staters that the structure of adventitious roots ditfors accor- 
ding to the pari ot‘ the stem whence they emerge. If, for instance, 
tlu‘y originate opposite a fibro-vascular bundle, as in Niiphar, the 
(•(‘litre of the root is occupi('d by a bundle of fibro-vnscular tissue ; if 
they spring from the stimi opposite the pith or cellular tissue between 
the vessels, then the c(‘ntre of the root is likewise cellular. In 
Crv])l ogams, according to Xageli,the roots always originate opposite 
a tibro- vascular bundle. The primary form and disposition of the 
roots depi'iid in a measure on the form of the terminal cells and on 
the direction of the partitions by which it is divided — lengthwise, 
horizontal, or obli(]ue. 

Tuberous roots of herbacoous Dicotyledons present several modifications 
in the, aiTaiigeiuent of the stmetures. In tin* Da^n^t and Parsnip the 
tibro- vascular ring has its component parts much separated by the great 
(h'vehummnt of the medullary ravs and masses of parench}*ma replacing 
llie onlinary prc^seneliyina of woody roots, so that the fibro-vascular struc- 
ture* lias a. deceptive resemblance to that of MonocotvL*doas; and the cortical 
parencrliyma, again, is gi’eatly developed, so as to form a thick fleshy rind. 
Ill the 'rurnip the cortical parenchyma is little de^ elopcd, and the mass 
of the fibro-vascular bundh*s lies immediately under the rind, the. inner 
vascular parts of the bundles being split up", as it vvere, into a row of 
fibres radially arrang(}d and imbedded in a g^'eat quantity of lax paren- 
cliyma. The fibro-vascular bundles converge at the ‘‘ collar,’' and then 
separate again to siuTound tlie piYA of the stem ; they also converge again 
towards the point of the root. These so-called roots are more iieaily 
allied to the stem, and are, indeed, hypocotyledonary stems. 

I’he structure desciibed under the name of spongwies has no existence 
in nature. The (»rror has probably arisen from the appearance presented 
by the. pileorhiza, 

‘ Roots grow by cellnlfevelopnient only near the apex ; and interstitial 
expansion soon ceases. Old roots of Dicotyledons present a dense hearts 
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wood like the trunkvS, the of fluid taking' place through the outer 

lavei«. When the older parts of roots ai*e exposed to the air by re- 
moval of soil; they acquire a thick corky periderm. 

The general structure of the root of Conifers is like tliat of Dicoty- 
ledons. 

Structure of Tjeave^ 

684. The plan of construction of the leaves and of the other 
appendicular organs of the stem is in the main identical throughout 
all cases ; . but there is very considerable variation within the limits 
of the general type. 

685. The essential character of the anatomy of a leaf is, tliat it 

is an expanded layer of parenchyma clothed over its whole surface 
with epidermis, and furnished, according to its degree of development, 
with a more or less extensive and complicated framework of libro- 
vascular bundles. * 

In the leaf of the Turnip, for example (fig. 532), we find an 
upper (e) and lower (<?’) epidermis (§ 633), \\ith an intermediate 
mass of parenchyma (or merenchyma, m, »i’), rather close in the 


Fig. 5 : 12 . 



Pngeciion of a frs^ent of the of the Tumin, constructed from sections made in various 

direotioos, and inagn. IdOdiam.: e, epidermis of^thc upper aurfaci* with its stomata; e', 
, epidermis of the lower face; «, stomsta, cut through, (gaining into intercellular cavities ; 

close parenchyma of the upoer part of the leaf, tn\ loose and spongy parenchyma of 
the longer pert ; /.ft, the cut cnA of a ilbro- vascular bundle forming one of the veins of the 
leaf 

upper part; khd spongiform in the lower part. The epidermis is 
studded with stomata (s), which open in^ intercellular spaces com- 
municating freely throughout the spongy tissue, and, further, through 
the petiole, with the intercellular passa^s in the stem. The fibro-vtis- 
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cular system (ribs and veins) runs through the lower lax parenchyma 
(fig. 532,/. ft), and consists of bundles of spiral vessels and liber, 
the former continuous with the medullary sheath (§ 606) and youngest 
part of the vascular axis of the stem, the latter continuous with the 
liber-bundle outside the cambium. The primary ribs in most Di- 
cotyledons contain much liber, and thus become very thick, so as to 
project from the lower face of the* leaf. 

The primary ribs have a structure almost precisely like that of a small 
branch, though the cambium-layer or layer of active, growing cells is 
sometimes ])laced between the fibro-vascular bundles and the upper or 
inner epidermal layer in the case of leaf-organs, while in the case of the 
stem the organizing layer is situated between the libro-vascular bundles 
and the lower or outer epidennis. 

Groat diflerences result from the different degrees of development of the 
snongy portion, as may be seen by comparing the leaf of the Lihic with 
tliat of the Aloe or Mesembn/anfhemvm &c. The degree of consolidation 
of the epidermis by the formation of thickening layers (§ 637) is the 
principal source of difference of solidity of leaves. 

(ISO. Submerged leaves of aquatic plants have no stomata nor 
any extensive intercellular system ; the epidermis is also little deve- 
loped, and there is commonly a total absence of fibro-vascular veins ; 
hence the delicate aud perishable character of these organs. 

687. The leaves and other appendicular organs are especially the 
scat of the glandular and analogous epidermal structures (§ 636). 

68 S. The p etioles usually consist of a mass of parenchyma, sur- 
rounded by epidermis and traversed by fibro-vascular bundles 
arranged in a more or less semicircular manner.. When cylindrical 
the bundles form a complete circle, and the structure is then un- 
di>tinguishablc from that of a young branch, on which account the 
ordinary leAf has been regarded as a branch th(> upper portion of 
whose vascular tissues are suppressed or depauperated. 

The fall of the leaf is effected by the gradual formation of a layer of 
thin- walled cells across the petiole, at right angles to the direction of the 
other tissues, and which thus ultimately separate the inert leaf from the 
living stem as by a knife-blade. 

StriK^ture of the Floral Organs. 

681). Bracts, sepals, petals, &c. are orga*nized on the same plan as 
loaves, their epidermis frequently presenting raised conical cells and 
having stomata. The tissues of these organs are more delicate, the 
fibro-vascular structures being almost exclusively formed of » spiral 
vessels. The parenchymg of petals contains fluid colouring-matters 
(§ 600) instead of chlorOjhiyll. 

In the parenchyma of the floral organs of coloured structures, the cells 
are filled with fluid colouring-matters of various tints, the depth of colour 
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depending on tlie greater or smaller number of layers of Colour-cells 
beneath the epidermis, the tints dillering accordingly as cells contniiiiiig 
colouring- mat ter of dillerent hues overlie one another. 

690. Stamens and pistils are composed of rather regular paren- 
chyma with a delicate epidermis, and libro-vascular ribs more or 
less developed in different eases. 

The structure of the anther is somewhat complex, varying not only in 
different plants but also in dilfenmt stages of growth. Xt first consisting 
of cells of about the same size and form, it subsequently presents a central 
mass devoted to the formation of the pollen (see under Physiology of 
Keproductive Organs). ‘ This central mass is overlain by three layers of 
cells: first in oi\ler going from witliin outwards is the* vmhtheciumy con- 
stituted by a single layer of deliciite cells of a different size and sliape 
from the rest, and usually disappearing as the pollen-grains are maturtal. 
These cells apparently contain nitrogenous contents, supposed to be 
applied to the nutrition of the pollen-ctdls during their growth. This 
layer is persistent in the case of anthers opening \y pores. SucctH'ding 
the endothecium are one or more layers of permanent cells, some of 
which contain spiral tibres. These cells constitute the mesothecium. Tlie 
tibrous cells vary in number and situation in different plants, and are 
’sometimes entirely absent, as in the case of anthers opening by pores; 
hence they are supposed to act hygrometrically in the dehiscence of 
valvular antliers. Tlie third layer of the anthers is of an epidtmnal 
character and is ca|led the exotheSunu The connective has the gtmeral 
structure of the filament ; sometimes, a.siusome Jdlies, it contains Hbrous 
cells. Each cell of tlie anther is partly subdi\ided by cellular projections 
from the connective; to these pro(;esses M. Chatin gives tlie name of 
placenfotdij being of opinion that they contribute to tlie nourishment of 
the pollen. 

The pistils and fruits have, for the most part, the general structure of 
leaves. Home of tluur fibro-vascular bundles run along the placentas and 
give off spiral ve.mds through the funiculus (§ 234) to tenninate at the 
chalaza ( § 236) of the ovule. 

The style .has usually in the ceiktro a quantity of loosely packed, cylin- 
drical, elongated cells, constituting the condnetimj tissue for the polhai- 
tubes. The stigmatic cells arc devoid of epidermal covering, and hence 
present the form of partly detached prominences or papillm. 

The coats of the ovule, as well as the nucleus, are usually wholly 
cellular; occasionally, however, the vascular tissue, instead of ceasing at 
the chalaza, is prolonged upwardvS into the coats and into the nucleus. 
Great changes take place in the natimj and arrangement of the ctdls as 
the ovules ripen into the .sdeds. The disposition or the cells of the outer 
investment of ^^eds is oft(m v(iry beautifu! and chanu.‘t4^ri8tic. 

In the ripening of the fruit the organizing tissues, which carry on the 
growth of th^ ofgan, are situated between the inner epidermal laytT and 
the fibro-vascular zone, as in the casr; of leaves. Moreover the fibro- 
vascular bundles are arranged, as in the leaf-blade, with reference to a 
si^ace, and not in a cylindrical dispe^ition as’ in stem-organs. 

691. The anatomy of the thalamus or receptacle corresponds with 
that of the stem. Hollow receptacles, like tbo^ of the Hose or of 
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the Apple, in which the carpels are enclosed or imbedded, have 
essentially a stem -structure, their cambium-layer being placed 
between the fibro-vascular zone and the outer epidermis. 

Aimtoinioal invostip^ations show that inferior ovaries (§ 158) are really 
cases of adliesiou of the imbedded carpels to the expanded upper ex- 
tremity of the tlialamus. 


CHAPTER II. 

GROWTH AND DEVELOPMENT OF ORGANS. 

J)i velopment of Cells, 

002. The cells originate in the interior of preexisting cells ; but 
the jduMiomenon docs not depend upon the C(;ll -membrane ; it is 
altog(‘tlu‘r a result of changes taking place in the cell- contents. 

In the mnjority of cases cells are perfected within the cavity of the 
parent cell ; but in the zoospores of tlio Alprie we have an exampfe of the 
fully (h'velopt'd, newly individualized primordial utricle, with its con- 
tents, escaping from the parent cell in a naked condition, and forming its 
cell-membrane subsequently. jMiihel afiirmed that cells were not in all 
cas('s f()rm<‘d witliiii other cells; and recent observations tend strongly to 
conlirm this opinion. 

Dovclopmont of colls in plants takes place in aU cases in 
cssoiitially the same way ; but the form of the result is subject to a 
number of important modifications. 

The modifications may be classed under two principal heads, in 
caicli of wbiob class wc meet with various subordinate varieties. 
Tbes (3 two modes of cell-devclopnicnt are: — 1. C(ll’~dwision, where 
two or more new colls accurately fill the cavity of the parent cell 
and adhere firmly to its membrane, giving the appearance as though 
th(‘ original cell had been sim])ly dirided into compartments ; and 
2. Free -cell Jon im tio n, iu wliich the whole or part of the cell- 
contents become detached from the cell-wall and resolved into one 
or more new cells, which have no adhesion to the membrane of the 
j)arent cell, and ultimately escape from it. 

Cell-division is the process univei*sal in the formatioA-bf the cells 
by which vegetative growth is effected ; Free-cell Jhrmtion occurs 
only in the production of cells connected with reproduction. 

It will render the comprehension of the phenomena easier, to describe 
cell-formation first, although, from the statement juwst made, it is evident 
that free-cell formation is the primary phenomenon in the life of every 
plant that originates from a seed or spore. * 
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Cell-division takes place in all growinjy parts of plants, but in the 
higher classes tliese regions are only accessible by dissection ; in the lower, 
and especially aquatic plants, we are able to observe the process of cell- 
division in living organisms in all its details ; and it is in these that the 
phenomena are most satisfactorily studied. 

694. Cell-division can only take place in a cell which retains its 
protoplasm in an active state. When the parent cell is about to 
produce two (or four, or rarely more) now cells, the primordial 
utricle or protoplasm separates from the cell- wall at the line 
bounding the plane of division, and advances inwards in the form 
of a narrow fold, until the portions of the fold coining from the 
different sides of the cell coalesce, and tlic protoplasm is resolved 
into two (or more) closed utricles, together completely occupying the 
place of the original utricle. While the protoplasm is folding inward. 


Fig. 533. 



Section of the out«»r layer* of the rinil of (Uvfwi peruvianu« eoaked in alcohol : nr, oorticnl 
cells with eontr^tftl protopitvnn, some with newly formed iM^pta (e); K rork c«*lU newly 
formed by division in the outer cortical oeUe; r, epidermal cells; d, tmtieh*. Mneti. 
200diam. , • 

it deposits at the same time successive layers of cellulose all over 
its surface ; and these form thickening laminsc on Hho wall of the 
parent cell (to which they adhere), continued into a double septum 
separating the cavities of the two now cells, formed by the infolded 
portions of the protoplasm (fig. 633). This takes place not only in 
the afgetatiTe cells but also in the pollen. At other times the 



PEVELOPlfENT OF CELLS. 533 

new dividing cell-wall is formed gradually, after the sudden division 
of the protoplasm into two portions. 

This phenomenon may be traced very clearly in all its minutiae in large 
species of ('onlervem ( Cladophomy fig. and so far as we may judge 

from obs(*rvatiuns, extended from similar cases, through the accessible 
structures (nascent leaves, prothallia, &c.) of Mosses, Ferns, &c., up to 
what wo can detect in sections of the tissues of the Phanerogamia, it is 
the universal mode of subdivision of cells. 


Fig. 534. 



in Chidnphorn (jlomernta. A. Part of a ftlamont in a natural condition ; ar.ccll- 
infinhranc; c, primordial utricle or protoplasm; x, situation where diviaion is about to 
Uikc phu’O. 11 & C. St)i^«>s of th'* formation of a septiini at .r, the illainent having been 
treated with alcohol : a, wall of tho parent cell ; ft, walls of the new cells; c, protoplasm. 
.11. Septum of old tllanient treated with dilute sulphuric acid, to swtdl up and separate 
the luiiiimv t»f the eell-wall and contract the protoplasm; wall of parent cell; ft, 
wall of daughter c<dls; c, proU>piasin. Magn. 200 diam. 

The principal varieties w^hich this process exhibits depend 
on the character of the tissue to which Ihe dividing cell belongs. 
In filamentous Confervoids this division takes place in mo$t cases 
both in the end cell of a filament (apical growth) and in c6lld form- 
ing links furth^ down (intercalary growth) ; in each case the parent 
cell elongates more or less beyond the ordinary measure before di- 
viding, and the new cells each grow until they equal the adult 
length of the parent. In the branched CladopJwrce (fig. 465, b) 
(fee. the parent cell sends out a lateral ann, which is at first a pouch 
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with its cavity continuous with tluit of the parent ; and this is sub- 
sequently shut oft’ by a lateral septum fonued in the manner above 
described. The hasidiospores of the Agarics etc., and the spores of 
Penicillium, and the allied forms of Fungi, are produced in 

the same way, as also are the conuUa of the “ Yejxst-fungus,” the new 
cells emerging like bubbles blown out from the wall of the parent 
cell, and becoming subsequently shut off by a similar process, in 
the Phaneroganiia, the cells of the growing points, as of the apex 
of buds and roots, of the cambium -layer of the stem, &c., multiply 
while very minute, so that it is not so easy to trace the changi's ; 
but cell- division may be readil}’ observed in the ej)idermal hairs of 
the highest plants, and the protoplasm is observed to be equally 
cfticient as the agent of multiplication in these. The direction in 
which the division takes ]>lace is usually horizontal, sometimes 
oblique, rarely if ever strictly vertical. It will readily be suriiiistal 
that the form of the organs and the mode in whiofe they ramify may 
depend materially on the fonn of the terminal or apical cells, and on 
the direction in which they divide. 

The production of complete c<dls wdthin cells, the septa dividing the 
new chambers being continuous wth new lamiiue deposited on the old 
wall of the parent cells, may not only l>e observed directly in Clmhphora 
(fig. 534, D), but is beautifully proved by allowing filaments of Spirof/pra 
to decay in water ; but these break up into lengths of eight, four, and two 
cells, and at last into single short cells, by the solution of the membranes 
from without inwards. 

The softening and swelling up of these parent membranes doubtless 
give rise to the seniigelatinous coat of many of the lower Algic, espe- 
cially the Nostochinecr and Palmollecp, In the cells of the parenchymatous 
tissues of the higher plants, tlieir parent membraiu's ai*e mostly lost sight 
of by being expanded to extreme tenuity, since the cells here usually in- 
crease very much in size afteT their tirst formation. In woody tissues, 
formed from cainhium-eells, they are mostly so thin as to be almost im- 
perceptible ; hut it appears as though in some instances they became 
transtorined into a kind of cement gluing the ct'lls together, but capable 
of being dis.solved by nitric acid eo ns to set the wood-cells free. 

69(5. Cell-division occurs as a forcniimer of frec-ccll formation in 
many ca-ses, when a tissue is about to give birth to a great nimihiT 
of free cells ; as in the formation of the pollen-grains in anthers, and 
the spores in* the sjxjranges of the higher Crjqitogamia, where the 
structure is in the first instance develo|j»od into a quantity of chambers 
by cell-division, each .of the compartments then producing a free cell. 

This must be home in mind presently, when we coni% to speak of the 
modifications of free-cell fonnation. 

697- The essential character ot free-cdl formation lies in the cir- 
cumstance that the protoplasm which produces the primary cel- 
lulose wall of the new cell previously b^omes separate from the 



DKVELOPMEJTT OP CJSIL8, 


535 


wall of the parent coll, so that the new cell is free (or loose) in the 
cavity of the parent. 

The modifications of frec-ceU formation are numerous. 

698. The simplest case is where the protoplasm, enclosing the 
whole contents of the parent cell, separates all over from the wall 
of the parent cell, and, while thus free, produces a cellulose membrane 
over its whole surface, which constitutes the wall of a new cell. 

This takes place in the formation of the parent cells of the pollen, in 
the cells of tln^ parimehymatous tissues of the central region of the anther, 
and sometimes, hut not alwfiys, in the formation of the pollen-grains. It 
appears to occur also in the formation of the parent cells of the spores of 
Mosses, Ilepatica^, Ferns, &c. It is more readily obser\^ed, accompanied, 
howt^ver, by spi'cial j)henoinena previously taking place in the contents,^' 
in tlH‘ formation of the rosting-sporcs of tlio Conmrvoid Algoe. In (Edo- 
(/oiuum tlu} wh»)le contents of the parent cell of the spore become isolated, 
and, secreting a now coat, form a free cell, which escapes by the dehiscence 
of tlie ])ar<'nt cell, resting-spore of Spinyjyra is formed in a similar 

manner, hut around the blended contents of the two conjugated cells (fig. 
KVjj.V) ; tiu5 sporanges of Dt'smidiaccje are formed in a similar manner. 

The r('al character of the phenomena presented here is well lUus- 
t rated by comparing the formation of the restiiig-spore of (Edo^ 
(loninm with the propagation of the same plant by zoospores (fig. 535). 
In tlu* latter, the w’holc contents of a parent cell escape into the 
wat('r (/>, c) and assume a globular form, bounded simply by the 
jirimordial utricle or denser portion of the protoplasm (^;), and it is 
only after a time that tlio cellulose membrane constituting the coat 
of the new cell is produced on the surface (/). 

Fig. 535. 
a c 



Developmpnt of loosporc in (Edoaoninmi a, parent fUament; 6, a joint breaking acroas to 
fniit ita contents; c. a more aavanced st^e (the globular mass of contents (nascent aoo- 
snorc) still within a cellulose pellicle); d, empty parent-cell; e, the zoospore eeoa})^ 
from it with its crown of cilia formed ; /, the zoospore, after it has settled down, beoon^e 
encysted by o ccUulose coat, and begun to grow into a new filament. Magn. 200 
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699. A case closely analogous to this is whore the whole contents of 
the parent cell become parted into four or more portions, collectively 
filling the parent cell, but free from it, so that when they secrete 
their membranes they become so many free cells, which e8caj)e by 
the bursting or solution of the parent cell. 


This case occurs frequently, with the production of four cells, in the 
development of pollen-grains and the spores of the highc^r Crvptoganiia. 
Sometimes there is a certain im*gularity in such cases, the parent cell 
either becoming really chambered by cell-division, and forming one C(dl 
in each of the four chambers, or at once giving birth to the four free? 
cells. 


Other instances of this modification are found in the development of the 
spores of the asci of Lichens and Mosses, apparently also in the tetni- 
spores of blorideic. The development in this way of new cells which 
escape from the parent cell as naked utricles, is observed in the sport's of 
Fucus, and in the zoospores of many (^mfer voids, which are formed in 
fours in each cell (f Vrn, Coleochate. Ac.). 

The tesolution of the whole contents of a p. 

cell into a great number of free cells occurs '^**^** 


in the formation of the very numerous zoo- 
spores of Vladophom (fig. -fiio, c, d) and 
Ackhfay with the formation of the new cell- 
membrane after their escapti from the. cavity 
of the parent ; and what i.s observed in these 
cases leads to the conclusion that a similar 
mode of development, going on to the com- 
pletion of the cells witliin the parent, occurs 
m the formation of the parent cells of the 
spermatozoids or antheridia of the higher 
Crvptogamia, where a great number of minute 
fo?e cells are developed, and are found free in 
the cavity of a large parent cell. 1’he forma- 
tion of tfie lU'W fronds of llpdrodivtyoi} is a 
remarkable VaftO of the resolution of the whtde 
contents ef a cell into a va.st number of free 
cells, which acquire their cellulose coata and 
cohere into a nc*w network within the parent 
cell. 

700. In the formation of the germinal 
vesicles in the embryo-sqc of the Phanero- 
gamia, and probably in the cell corros|Kpid- 
ing to the embryo-sac in the archegonia of 
the higher Crvptogamia, a portirm only of 
the protoplasmic stdmtance of the parent cell 
takes part, becoming isolated in the form of 
one or more (usually three in Phanero- 
gamia) globules (fig. 536, A), one (or some* 
times two) of which acquires a cellulose 



D«iTelonment of the embryonal 
VeKiele of Sanfafutn afhum. 

The upper end of the «*m- 
bryo-iuUN with the embryonal 
eorpuileleu (e r) yet devoid of 
oelf-membrnnea. S. The wime 
later, with the pollett-tiibe (jti t ) 
adherenl ; the embryonal vej»i- 
cle (e e) hae acquired a cellu* 
lose coat. Kagn. 400 diam. 
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Tnenihrano, and forms the first cell of the embryo, or its suspensor 
(fig. r)3(), B). The new cell is here often very much smaller than 
the j)arent cell, and this case thus oifcrs the clearest and most striking 
instance of free-cell formation. 

In the embryo-sac of many of the Phanerogamia we observe, subse* 
quently to impregnation, a process of free-cell formation of a peculiar kind, 
the protophusin of the eiiihi^o-sac breaking up by degrees into numerous 
corpiischis, which successively form cellulose coats, and apply themselves 
to the wall of the embryo-sac, until the layers meet in the centre, and 
the whole sac is filled up with a parenchymatous tissue, the cells of which 
(en(1osp(^rm-celh) are at first very loosely coherent, l^erhaps the parent 
cells of the spennatozoids are formed in this way, in the cells of the 
uiitheridia of the higher Cryptogaraia. 

I'he formation of the active zoospore of Vaucheria is really a result of 
the isolation and individualization of a portion of the contents of the 
paront cell, since here the whole plant is one gigantic cell ; but this 
case is quite different from tlie developments included in the preceding 
paragraph. 

701. It is still a (juestion what influence, if any, the cell-nucleus 
(‘xt'rcisos over cell-formation ; all that is certain is, that it exists in the 
majority of young cells, and that in many cases it divides {Spiro- 
fjlirctf hairs of Tradesmniia)^ or disappears, and gives place to two (or 
more) new ones, just before or during the division of the primordial 
utricle to form the contents of two (or more) new coUs. The real 
coiiiK'.vion of the nucleus with the life of the cell remains altogether 
obscure. 

Tho original statements of Scbleiden regarding the formation of new 
ctdls u]>oii or around a nucleus were incorrect ; the nucleus always lies 
umior the primordial utricle, on vrhich depend the structural conditions 
of cell-formation, and never in contact w\th the cell-membrane. But it 
is quite possible, and even probable, that the nucleus may have great 
physiological importance in cell-development, and may coistitute the 
fociftf, as it were, of the physiological forces of the cell. 

Development of vessels, epidermis, stomata, 

702. The difibrent forms of vascular tissue, including the laticiferous 
vessels, originate from cells. 1?he most usual course is for a number 
of more or less oblong cells to range themselves end to end in longi- 
tudinal series; after a time^the partitions between the ceUs are 
broken down or reabsorbed, and a continuous tube results. 

The immediate inducing cause and the precise manner in which 
the partitions are absorbed are not known. 

The epidermal cells are in the first instance usually smaller than 
the other parenchymatous cells, and more closely packed together. 
They are at fifst spherteal or nearly so, but shortly assume the 
usual flattened choracter^v The epidermis is at first destitute of 
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stomaM (§ 034); but these ’organs are gradually developed, in the 
following manner. In certain of the cells the nucleus, previously 
in contact with the cell-wall, becomes detached from it and sub- 
divides into two nucleoli ; the parent cell-wall then forms a septum 
between them ; and thus two cells are formed, at first in apposition, 
but which subsequently separate and leave an opening (the stoma) 
between them. At the time that this is going on, wide inter- 
cellular spaces are formed, into which the stomata open. 

Development of the Stem 

703. The general course of development in the stem has been already 
alluded to in the case of the acrogenous, endogenous, and exogen- 
ous types respectively. Growth in- length is eftected through the 
agency of the gm wing points, which, when surrounded by leaf-scales 
and rudimentary leaves, form buds. 

These buds, in the first instances, are little conical eminences consisting 
exclusively of cellular tissue, the constituent cells of which speedily range 
themselves in three divisions, which may be ternuHl the central, cortical, 
and ep^rmal series. Of these, the central series forms the niass brnie 
young mldf its cells di\*ido at first in all directions, but subsequently in 
linear series ; the epidermal cells divide by horizontal and parallel sub- 
divisions j the cells of the intermediate cortical series, in the first instance, 
grow more after the fashion of the central cells. WJien Itjaves or branches 
commence to be formed, the outer cells of the central mass divide by lon- 
gitudinal partitions, at the same time that the ccjitral uiass itself exchanges 
its conical for a cylindrical form, ultimately constituting the medulla nr 
pith. The form and position of these growing points depend mat* rial Iv 
on the fonn of the primordial cell, and oii^the direction ^longitudinal, 
transverse, or oblique) of its partitions. 

704. The form and mode of branching of the stem depend mate- . 
rially on the position and arrangement of the buds. 

Msled by certain appearances well calculated to produce a false 
impression, botanists at one time attributed the formation of woody 
matters in root and stem to a progressive downward action : thus 
the new cells were* supposed to be formgd from above downwards. 
It is not necessary to state the arguqjents on which this theory was 
based, as it has been completely set aside by the researches of Trecul 
and others, whicli show .that the new tissues arc formed at the spot 
where they are seen, and are not form efj from above downwards. Both 
bark and wood cooperate in the formation of new wood ; and either 
of them may fonn woody or coidical tissues without the intervention 
of the other. 

There is reason to believe that tlie growth of the stem of trees takes 
place principally in the suninier months, and that comparatively little in- 
crease takes place either in spring or in autumn, though in the latter 
period the new growths are consolidated. 
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Development and Growth of the Boot 

705. The mode in which the root grows and is developed has been 
already trcjxted of (§§ G8U-0S2) ; but a few words may here be said 
as to the formation of adventitious roots. 

These formations usually, but no^ universally, occur in places where the 
atmosphfere is warm, stagnant, and loaded with moisture. If a ring- 
shaped piece of bark be takeji from the stem, roots are formed from above 
the wound, but not from below — a circumstance supposed to be due to 
the accumulation of organizable matter above the wound ; but by others 
it is considered to be owing to the absence of oxygen. Portions of willow- 
stems decorticated as above described and grown in water will produce 
roots below the incision if exposed to the light, and none above the 
^vater ; and by covering the glass with black paper, and thus preventing 
the access of light, M. lidlim has succeeded in reversing the phenomenon. 

The portions of the stem in the water have been found by experiment 
to give out oxygen under the inlluence of light. * 

TOG. The dowaw’’ard direction of growth of the roots, as contrasted 
with the generally upward grow’th of the stem and its subdivisions, is 
one of the most remarkable phenomena of plant-life. In the case of 
the root, ono principal rjja^Jor is the greater j 

amount of moisture received from that side. The root grows by 
development just within the apex ; and the multiplication of the celt 
in that situation is dependent on a free supply of moisture. The 
instances of roots of trees growing in the direction of water-* 
courses or drains illustrate this ; and when plants arc grown in close 
glass cases their roots arc Ibmctimes seen to rise above ground when 
tlu; confined atmosphere is very moist. AVe have more than once 
observed the roots of bulbous plants, growing in W’ator or in damp 
sand, coil themselves in spirals. Other assigned reasons a^c depeu-'v 
dent on the circumstance that the soft yielding extremity of thoj 
young root penetrates the interstices of the soil, and is pushed down 
l)y the dilatation and expansion of the older portions above. Tbcj 
downward direction of the root-hairs, w^hen pn',seiit, would alsoj^j 
facilitate downward growth, and prevent the root from being pusbedl 

The action of gravitation has also been considered to have some 
influence over the downward growth, and also the varying degrees ^ 
of tension manifested by the tissues in the different regions of the ¥ 
stem and of the root respectively, pith, rind, &c., such tension being' 
directly dependent on tho activity of the nutritive processes in the 
growing tissues. The combined action of the causes just mentioned 
is supposed to account for the varying direction and curvature of the 
organs of plants C but this explanation does not appear to be wholly 
satisfactory. 
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Deveh^yment and Growth of Leaf -organs, 

707. The leaves (and all their metamorphosed forms, such as the 
parts of the flowers &c.) ori«:inato just beneath the absolute apex of 
the stem, by cell-division of the terminal cells — which results in the 
deflection to one side of a small group of cells forming a conical papilla, 
or the formation of an annular collar (sheathing leaves), which de- 
velopes into an independent lateral organ. These loaves always arise . 
ime after another, in order regulated by the laws of Phyllotaxy 
(§ 60). The papillae from which leaves originate -are at first wholly 
cellular ; after a time elongated cells are formed in the centre ; and 
these are followed by spiral vessels formed in a direction from the 
base upwards. 

As a rule, the first part of the leaf formed is its point, which is 
gradually pushed out by development at the point of junction of stem 
and leaf ; but interstitial multiplication also occurs in different parts 
of the leaf (especially in stalked leaves). 

The pushing-out of the leaf by development at its base itiay be well 
observea in the leaves of Ilyacinth-bulbs developed in early spring. Not 
only are tlie tissues (epidermis, &c.) younger below, but the relative 
growth of the parts may be demonstrated by making a series of marks at 
equal distances up the leaf and watching the proportionate extent to w hich 
they become separated. The same process gives very instructive re.sults 
when applied to the measurement of the growth of the roots ‘of the same 
plants, and is e^ily carried out wdth bulbs grown in glasses of water. 

708. The basilar or hasipetal mode of leaf-formation above described 
is that which is most frequent ; but in soAo instances the apex of the 
leaf, instead of early losing its power of growth, continues to grow 
and develope new cells in that situation, the cells at the base of the 
leaf, in tfeese cases, being the (fldest. This mode of -leaf-formation 
is called basifugal. 

These modes of leaf-formation may be well seen in the case of lobed or 
compound leaves. Thus in the Hose or Passion-flower the terminal leaflet 
is first formed, and the lateral leaflets afterwards from above downwards, 
acchrding to the hasipetal plan. In Maho\iia and in many Leguminos», 
such as the Garden iW, the lower leaflets are formed first and the others 
subsequently, according Jbo the basifugal plan. The lobes or notches of 
simple leaves are in like manner formed in one or the other of the methods 
just alluded to.* The stipules are often*developed before the leaf-blade ; 
when otherwise, they are probably lateral developments from the petiole 
rather than separate organs. - 

' Sometimes the two modes of leaf-formation above described coexist in 
the same leaf; that is to say, the lobes of a leaf maybe formed from above 
downwards, while the nerve passing into each of them gives off its branches 
from below upwards. v ** 

709. The opposition, alternation, or spiral arrangement of organs 
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depends on the period at which they are developed : thus, if two or 
more leaf-organs be developed at the same time and in equal degree, 
a whorl is produced ; if the development be successive^ not simulta-^ 
neous as in the preceding instance, the organs are then arranged 
alternately or spirally. 

The development of the several parts of the flower takes place 
after the same fashion as that just mentioned in the case of leaf- 
organs hi general. 

. The causes producing irregularity and deviations from the typical 
floral symmetry have been already alluded to*(§ 147 et seqq.y It 
should be remembered, however, that these irregularities are often 
congenital, ?. e, exist from the very beginning ; in other cases the 
symmetry is perfect at. first, but becomes subsequently changed. 

Usually the floral tubercles representing the origin of the several 
organs originate separately ; but sometimes a cellular ring-like pro- 
jection is first emitted from the stem, and from this sheath-like 
structure are evolved the floral organs. 

Compound stamens (§ 199) or phalanges of stamens originate as 
simple tubercles, from the sides of which originate the secondary 
staminal tubercles from above downwards, as in Mallows, the whole 
course of development here precisely resembling what takes place 
in the compound leaves of some ifassion-flowers or of the Hose. 

The ovule arises from the placenta as a cellular papilla, the nwclem 
(fig. 537, a). Around the base of this is formed a cellular ring, 


Fig. 637. 

a b c 


a 



Development of o^Tile : a, primary nucleus, invested at b by the pnnjtW, and this by the 
secUndine (c ) ; at d the ovule has become anatropous. 


which gradually lengthens from the base upward into a tubular 
sheath or coat of the ovule (6). The succeeding coats, which vaiy in 
number in difterent plants, are formed in like manner, are wholly 
cellular, and leave at the apex a small hole, the micrc^yle (§ 236). 
During the growth of the coats of th# ovule a change in direction 
usually occurs, so that the o^ule becomes inverted. (§ 238). The 
structure and mode of development of the pollen and of the ovules 
will be further alluded to under the head of the Physiology of the 
Beproductive Organs, 

From what has been said on th^ morphology, structure, and mode of 
development of tile severijd organs, it will be seen that all the orgima of 
flowermg-plants may be reduc^ to two types — ^that of the axis, and that 

2 b 
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of the leaf; and, indeed, it is not possible in all cases to distinguish be- 
tween stem-organ and leaf-organ. The distinguLshing character least liable 
Ito exception consists in the larcumstance that a bud may be and is con- 
jstantly formed at the apex of a stem, ^diile it is never developed from the 
lapex of the leaf-organ. Another distinction consists in the relative posi- 
jtion of the cambium layer (§ 085). Two opposite modes of growth, the 
‘detinite and the indeliuite, occur in stem-organ and in leaf-organ ; and to 
*one or the other of them may be referred all the variations in form and 
mode of development. 


CHAPTEK III. 

GENERAL CONSIDERATIONS OX TIIE PHYSIOI.OOY OF 
PLANTS. 

' ' P * 

710. What are termed physiological phenomena arc manifesta- 
tions of a peculiar force er forces, the presence of which in any body 
markG the existence of what is called Ufe or vitality. 

The vital force appears to present certain modifications. In plants 
there exists only power; while in animals there is 

superadded to this what is caUed nervous force ^ connected with tlie 
presence of a self-determining xvUl^ and, in the higher classes of 
animals, with a far greater subordination and mutual dependence of 
^ the organs than occurs in plants. 

This statement is somewhat general, applying only to the two King- 
doms, Vegetable and .Vnimal, as wholes ; tor there exist animals of simple 
organization exhibiting ho more definite traces of the existence of a 
nervous force than we find in certain plants, or structures of plants. For 
example, it is scarcely possible to point d& any important physiological 
difference between tne zoospores of the Confervoias and the Protozoa 
such as Jmoeha and allied forms. 

711. The organizing or viUd force of plants is especially distin- 
guished from that of animals by its relations to the chemical forces 
regulating the changes of inorganic or mineral matter. Plants are 
notihrished directly on mineral food ; animals can only assimilate sub- 
staucMjs which have entered into special combinations in the or- 
ganisms *of plants, and assumed the condition of wbat are called 
orgq/nie compounds. 

Some plants live entirely on organic suhstafnees, as we see in the cases 
ef para^tes ; and the power prohably exists iii plants generally to a certain 
Tn the remarkable class of Fungi, almost all the kinds live upon 
dlip pt HYiDg organic matter. But the power of assimilating inorganic 
fo4^ is confined to plants, and is their most remarkable charac- 

terislic as contrasted with animals. * * 

Anotl^ important distinction between plants and animals, as entire 
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1< inject oms, lies in the diflerent disposition of their organs. In plants 
ihese are all produced externally: roots for absorption^ leaves for respi- 
ration, i'ce., together with the reproductive organs, are ail external. In 
animals the organs of vegetative ” life, i, e. of absorption, digestion, 
respiration, ifcc!., are (iiicrlosed in the interior of the body, more and more 
completely in proportion to the complexity of the organization, the organs 
of motion and sense being thus brought out prominently externally. 
Animals feed by taking solid food into an internal cavity (stomach &c.) 
lined by absorbing structures ; plants teed by sending their roots into the 
nourisliing-matler and absorbing it, in a liquid or gaseous state, by their 
surface. 

The proposeil chemical distinctions between animals and plants must 
b(; t{ik<m with limitation. The cellulose structures or hard parts of plants 
ha, VI* a peculiar ternary composition of carbon, oxygen, ^d liydrogen ; but 
the protoplasmic matters contain nitrogen, and resemble animal matter. 

(k'lluhjse occurs in the structure of some animals (Tunicata) ; the green 
coloMi ing-siibstance of Hydra viridU is iindistingiiisliable fromchloropnyll; 
and substances resembling starch in chemical properties are found liere 
and there in animal bodies. 

• 

712. A very considerable part of the changes which accompany 
the process of organization are the results of the action of physical 
and cluunical forces, capable of being explained up to a certain point 
by the known law's of those forces. But in every case, after referring 
all the chemical and physical phenomena to their respective places, 
there remains a residual phenomenon to he accounted for, which is 
precisely the most important of all, uamedy : — that in living organic 
structures (which are always recognizable by a definite form, struc- 
ture, and composition) the laws of inorganic matter are, to all appear- 
ance*, subdued under a higher influence, and caused to undergo modi- 
ficntions never occurring except in the presence of living matter; 
and the peculiar compound|l of matter thus produced are not only 
made to assume forms, according to definite hnvs, totally ^iilike any 
forms of mineral substance, but constitute bodies manifesting a con- 
tiiiiiect interchange of material with the surrounding media, which, 
instead of resulting in decomposition, as in mineral bodies, effects a 
rcproductit)n and increase of the already existing matter. 

The most .striking characters of plants, contrasted with minerals, con- 
sist in the forms, and in the faculty of development and renroduction. ,, 
As regards form, crystals exhibit regularity, obedient to certmn definite 
laws, and so far might be compared with %*egetable cells ; some au- 
thors have even termed the cell a crystal formed of substance capable of 
imhihitmu But there is an essential ditference even in the structure of 
cry.stals and cells: the crystal consists of a combination of laminas che- 
mically homogeneous ; the cell is a heterogeneous bodv, consisting in the 
simplest cases of a sac or excavated corpuscle containing in its cavity a 
substance differing chemically from the cell. ]^en in the imperfect free 
primordial utricles set free as zoospores in the Confervoids, this distmctlon 
of wall and contents exists: and it is still more marked in aS complete 

2b2 
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vegetable cells, since these possess a distinct and persistent cellulose 

membrane. . „ ‘ 

The mode of formation of the cell, too, is essentially different trom 
that of a crystal. The latter is formed by the simple deposition in a solid 
form of a compound dissolved in the “ mother-liquor.^^ The protoplasmic 
substance of plants (§ 5U7 ) cim only be foriiied by protoplasm alr(*ady 
existing, selectimj and ammUating substances present in the surrounding 
medium, converting them into new compounds ; while the cell-membmiie 
itself, which is the part usually compared to the crystal, is lilvowise pro- 
duced as a new chemical compound by the protoplasm, which secretes it iu 
layers, unlike the protoplasm both in form, composition, and physical 
condition. When the true natui*e of the molecular constitution of the 
cell-wall and of the protoplasm is ascertained, it is probable that the 
statement in this j^iragraph will require considerable modilicatiou. 

713. Organic structures arc produced through the agency of like 
structures previously existing. Tissues increase by multiplication 
of the cells of which they are composed ; cells are multiidied by the 
resolutiou of existing (parent) cells into a more or less numerous 
progeny of cells. Individual plants are multiplied by the separation 
of a portion of the substance of the x>a.rent plant endowed with a 
power of subsisting and developing itself independently. 

The origin of organic beings from germs, i. e. more or less complex 
fragments detached from a parent plant or animal, endowed with a vital 
energy enabling them to reconstruct the entire organism, may be regarded 
as an undoubted fact, and it forms one of the most impoittint of the diff’er- 
ences between inorganic and organic bodies. As long as sulphur, oxygen, 
and hydrogen exist upon the earth, it wdU be possible for man to produce 
sulphuric acid; and if, in addition to these, he have sodium, ne may 
cause the production of crystals of sulphate of soda at will. Jlut although 
chemical analysis tells us that Ihe mycelium of a fungus, such as “ Yeast 
or the “ Vinegar-plant,” consists of oxygen, hydrogen, carbon, and nitro- 
gen, with small proportions of some other elements, by no means known 
or likely tq be discovered can wo cause the reproductiou of these forms 
of vegetation, except by having recourse to the germa of the plants, aiul 
setting them to work to reproduce themselves. TJds has been proved by 
numerous careful experiments, and the idea of a spontaneous generation of 
organic bodies is now exploded. Thp origin of each ^cies of plant or 
animal must be regarded as the result of a distinct acit of creation. When, 
through unfavourable circumstances, all the individuals and all the gerfus 
of a species are destroyed, that species disappears from the globe*. 

714. The organization of plants is regulated by a series of laws 
which exhibit Afferent degrees of generality. 

* Since the publication of the first edition of this work renewed interest bus 
been given to this question owing to the controversy between M. Pasteur and M. 
Pouchet and their respective adherents. The facts and arguments adduced by 
M. Pouchet go far in support of the doctrine of ** heterogeny,” and at any rate 
show that the above statement is too sweeping in its character. The student will 
do well to consider it to a large extent an open question, and to remember 
that, whichever view may ultimately bo adopted, the miracle remains tlie same. 
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715. The most general law of all is that under which proto- 
plasmic substance assimilates inorganic or, more rarely, organic 
matter, and produces the closed cellular sacs called vegetable cells 
(§ 5G2). This affects all vegetable structure Avhatsocver. 

Tlio Fungi and parasites live on organic matter 5 and this is probably 
the case to a gi’eat extent with cultivated plants grown with excess of 
organic many res. This will bo ref* 'rred to hereafter. 

71 G. One degree less general are the laws regulating the/orms of 
the cellular sacs or cells (§ 5G8). 

Tluise determine at the same time the specific form of the plant in the 
Unicellular Algje. 

717. Xext follow the laws of development of the secondary de- 
posits upon the walls of the cells (§ 570), which are valid throughout 
the whole Vegetable Kingdom, but more and more complex in the 
successively higher classes. 

718. The laws of combination of the cells into tissues (§ 614) are 
a little less general , the diversity increasing here again in proportion 
to the higher position of the species. 

710 , The laws regulating the forms of organs are of very great 
importance and interest ; and in these we have to distinguish two 
aspects, or, it may he said, two coexistent series. 

720. The princi])al Classes of Plants (see p. 10) are characterized 
hy respectively possessing a peculiar type or plan of combination 
of the organs, having not only a morj)hological but a physiological 
speciality. The type, more or less recognizable, is a mark of the 
existence of a common law of organization throughout each class. 

721 . Within the limits of the Classes exist almost infinite varieties 
of form, referable to moi’phological laws which have been investigated 
in the First Part of this work. A complicated but graduated and 
interconnected body of laws was there shown to regulate the vari- 
ations of forms in plants generally. 

722 . Lastly, in the description of the Natural Orders of plants, 
it will have been recognized that there are still more special laws of 
development, causing the existence of resemblance in limited groups 
of species ; and, beyond this, every species or kind of plant (§311) 
has its form and mode of life more or less definitely fix^jd and re- 
gulated by its special law of organization. ’ 

These reflections enable us to explain simply the terms higher and 
lower classes or species of plants. In the Proiococcus, consisting of a 
.simple cell, the specific law, that wliich determines the characteristic 
form, follows immediately on the first (§ 715) of those above indicated. 
In a Conferva^ the second and third (§§ 716, 717^ are both involved; and 
the specific law once succeeds these. Proceeding step by step, we shall 
find species in which there is a diversity of forms of the cell and of 
tissues (higher Alges) 5 next) of these and an additional diversity of organs 
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(leafy Cryptog-aniia) : aiul tlien come into play the laws of the physio- 
lopfical aiul niorpholop-icnl types of combination of organs, which are most 
complicated in the Flowering Plants, in the development of wliich, how- 
ever, from the original .gtunii, or embryonal vesicle, wo may trace, in a 
graduated series, the coiiimencemeiit of the opeiiition of the successively 
less general laws of organization. 

723. Not obIv do clifterent jdants display groat diversities in 
structure and composition, but each individual plant offers more or 
less diverse characters at different periods of life. 

Plants- commence their independent individual life in the form of 
a cell or a group of cells separated from a parent organism. In the 
lower plants such cells, once fully developed, as spores or rfonidh, 
are capable, under suitable circumstances, of growing up into complete 
plants. In the higher Classes these cells {embryonal vesicles, or the 
primary cells o f a lenf-hvd) go through the earlier singes of develop- 
ment connected with the parent organism, and are detached (as seeds 
or as hnlhils, &c.) already provided with rudimentary organs of 
vegetation. 

724. In those cases where the detached bodies are products of 
simple vegetative cell -division, they often lu'oeeed at once to grow 
up i]ito new plants (r/onidia, zoospoirs), but more frcMpicnily their 
vitality remains latent for a certain definit(‘ p(‘iiod (Indhils, spores of 
Mosses, Ferns, <tc.) ; and when the body is a result of sexual repro- 
duction, it almost always remains for a more or loss indefinite period 
(capable of being sliortencd or prolonged -within certain limits by 
extenial causes) in a state of rest (seeds, restiny-sjmres of Ahyr, &c.), 
and then undergoes peculiar internal changes before recommencing 
development (germhiatmi) in order to grow up into a new plant. 

Seeds and resting-sporos (and to a less extent the resting-orgaiis pro- 
duced in vegetative propagation, as hulls, tubers, &c. ) are organized in a 
manner es]3ecially adapted to preserve the latent vitalit^ from injury bv 
external induences. They can withvstand great variations of heat or cold, 
especially in the absence of moistui'e. Most steeds will bear a temperatur(‘ 
very far below freezing-point if kept dry, and many will even bear an ex- 
posure to 100° or 110^ F^ahr. in dry sand. Prolonged immersion in water 
at 120^ kills most sef3ds, unless the skin is very thick and thev contain 
oil instead of starch in the endosperm (§ 21)0). Some seeds will bear a 
short immersion in boiling water ( Vereynied) ; but tlio seeds of Cereals, 
Beans, Linseed, and other plants scarcely survive a 15 minutes’ soaking 
in water of 110°, -while they will hear 140° in steam, and 170° in dry air. 

Some seeds naturally lose theirvitality v(‘ry soon ; this is the case with 
the seeds of Coffta, Maynolin, kc. ; while other instances are related in 
which it has been preserved for centuries. The cases related of the 
germiimtion of Wheat taken from Egyptian Mummies are perhaps doubt- 
ful; but well-authenticated instanccjs exist of long preservation. 

The resting-spores of Confervoids (iVo^ococewa) nave l^en revived after 
remaining for years in herbaria; and it is in curious relation to their 
growth in shallow pools, often dry in summer, that the I'esting-spores of 
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these plants appear to require to be dried before they will germinate. 
Mr. Miiiiby has recently recorded ( 18G9) that ho found a bulb of a species 
of Narcissus sprouting in his herbarium after it had been gathered (in 
Algeria) upwards of twenty-two years. This bulb, removed into the 
greenhouse and potted, has since produced flowers. 

725. Plants are subject to a periodicity in their vital phenomena, 
partly dependent on their own laws of growth, partly on the seasons 
in th(^ climate where they grow. As dependent on special laws may 
be noted the differences between annual, biennial, and perennial 
plants (properly so called), between deciduous-leaved and evergreen 
trees, Ac. 

An nual p lants are such as germinate from seed, produce their 
whole vegetable structure, flowers, fruit, and seed, and die away in 
one season, between spring and autumn; such are the summer 
LiniuialvS of our gardens. Biennials sprout from seed in one season, 
and bloom, bear fruit and sSd, and die in the second ; the Turnip, 
Carrot, (Enotlura biennis, &c. are examples of this. Perennial 
plants exhibit several varieties of condition. Herbaceous pierenntals 
(like the Daisy, Primrose, (larden Flag, &c.) germinate "'m one 
season, and produce a subterraneous rhizome, of indefinite duration, 
whicli annually sends up a flowering shoot or shoots. Other peren- 
nial plants of this kind form on ‘ shoot which vegetates uninter- 
rui)tedly for many years before it flowers {Afjfave amerieana^ Talipot 
Palm, &c.) ; and after ripening its seeds the stem dies down, leaving 
usually a number of offsets from the axils of its leaves (monocarpie 
perennials), 

Woo du perenni als, trees and shrubs, usually vegetate for several 
years before flowing, but are subject to periodic rest, throwing off 
their foliage and renewing it upon fresh shoots of the same stem every 
season ; and when they flower, the operation exhausts their accu- 
mulated powers of development so little that they continue to flower 
periodically (every season if in favourable condition) throughout life. 

The ‘Hiabit” assumed by plants depends in some degree on external 
conditions. Thus many of our garden annuals ave perennial in their 
native (dimates j for example, Ri^inus (the Castor-oil plant), Mirabilis, 
and other genera are annual herbs with us, but perennial and even woody 
in warmer climates. And some annuals may be made to vegetate for more 
than one season by removing the flower-buds as they appear; in this 
way gardeners pr()duce the so-called Tree-mi gnonnette. The Winter- 
corn of agriculturists is really an annual plant, sown in autumn to obtain 
stronger growth, and is not specifically' different from Spring-corn, so"^ 
in spring and reaped in autumn. The common Cherry-tree retains its 
leaves during the whole year and becomes an evergreen in Ceylon ; Mid 
manv similar instances of changed habit, the result of altered "condition, 
migw bo cited.^ 

For further particulars respecting the duration of plants^ refer to the 
Morphology of Stems, §§ 40-o6. 
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720. Few porenninl plants retain their appendicular organs be- 
yond certain definite periods. Ordinary dwidiious trees lose their 
leaves in autumn in our climate ; and preriously to their fall their 
organs undergo internal changes, in which the a^ssirailated matters 
are, for the most part, removed and their green colour altered. They 
are generally cast off by a regular fracture Avhere they join the stem 
(§§ 77, 688) ; in the Oak, Beech, and other trees they die in autumn, 
but do not fall away at once, often remaining, when not exposed to 
violent winds, until pushed off by the expansion of the stem in the 
next spring. Evergreen trees and shrubs retain their leaves green 
and living until the succeeding season, when the new leaf-buds ex- 
pand, as in the Cherry -laurel, Aucvhciy Szc , ; or, as in many Coni- 
fene, they remain attached to the stem for several years {Arenu-aria 
imhriMta, Thvja, &c.). In some of these cases the so-called leaves 
are probably foliaceous branches. The leaves of arborescent Mono- 
cotyledons (Palms) are also of long duration. The parts of flowers 
and ripe fruits are likewise cast off in most cases, although the fruits 
from which seeds have escaped sometimes remain long attached in a 
dead condition (Conifers). 

727. The axis (^nth its branches) h the only permanent part of 
the plant ; and the unlimited duration of this is strictly dependent on 
the development of leaf-buds (§ 106 et seqqX When a shoot ends in 
a blossom-bud, the growth of that branch of the axis is arrested, and 
the prolongation of life depends either on the axillary leaf-buds 
situated below or an ailvf utitwushwA, 

728. The production of flowers and fruit is an exhausting process : 
it has just been noticed (§ 72.5) that annuals may be made to live 
several years by preventing them from flowering. Tlic arrest of 
growth of the large and highly developed axes of monocaq)ic peren- 
nials {Agave, Talipot Palm, ikc.) is a necessary consequence of the 
terminal bftd producing blossom instead of leaves ; but the formation 
of propagative offsets from the leaf-axils before death is strictly 
dependent on the degree of \'igour possessed by the main axis at the 
time of flowering. 

729. The duration of herbaceous perennials may be regarded ns 
unlimited, since they are always placed in a position to fonn new 
absorbing organs (roots) in the vicinity of their buds. The duration 
of trees is also theoretically unlimited ; jind in many cases great age is 
attained ; but ordinarily trees acquire increased vigour with ago up to 
a certain point, and then begin to decline, a circumstance attributable 
to the increasing distance to which the buds are removed from the 
roots, the obstruction to the flow of sap, the local decay of the roots 
an<} trunk from external injuries, &c. Cuttings from old trees, if 
taken from §ound shoots, may be made the foundatirfn of now trees 
as vigorous as the parents were in their earlier years. 
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Palm-trccft grow to an age of 2003 ^ears or more j the DraccmcB (Dragon- 
IrecH) of Teneriffe have been known as old trees for centuries. Oak.«i, 
Limes, Cedars, Yews, 4&c. are known to have lived many centuries,* and 
other ras(\‘^ are on record of gigantic trees -whose age, deduced from the 
niiinijer of rings of growth of the stems, would amount to upwards of 
8000 yeai-s. 'J"he Bvrtholleti^ of Brazil, the, Adamnnice of Senegal, and 
the Wtdlmfjtoma or Sequoia fiitjantea of (yalifornia (303 feet high and 31 
leet in diameter at th(3 base) are cvamples of this. 

730. Ill herbaceous perennials the older parts of the plant die and 
decay in a limited jicriod after the development of the new axes. In 
Dicotyledonous trees also, the older part, which is enclosed by the 
new Livers, and becomes consolidated into heart-wood (§ 670), must 
be regarded as dead after a certain period, ceasing even to carry sap 
meehanically ; and Ave see hollow trees of this Class living and grow- 
ing, where the whole of the older part has been lost b}^ decay, a living 
shell of wood constii uting the bond of connexion between the roots 
and the growing branches of the axis. 

This death of the older tissue is not so common in arborescent 
^lonocolyledons ; but it is observed in Pandanus (fig. 9), where the 
base of the stem and the old roots decay, new* (adventitious) roots 
sprouting out from the living part of tiie trunk, in a continual ad- 
vance upwards. 

The death of a plant or part of a plant depends upon the death of the 
C(‘lls composing its tissues. The duralicm of the life of individual cells is 
very different, according to their position and function. Cells situated at 
growing-points (in buds, cambium-regious, tips of roots, &c.) are very 
transitory, since during active vegetation thev are continually divided, as 
jiareiit cells, into two or more new cells, part of which are left behind as 
prnnaneut cdl% — those situated t\t the periphery, or most advanced point, 
1) 'coming in turn the pareut vvlh of a new generation. The permanent 
cells hecoiiie parts of parenchymatous, proseuchymatous, or vascular tis- 
sues in the vegetative organs, or parts of reproductive structures in flowers 
and fruits. Thus they run through a course of life depencTent in each 
ca^:!' on the laws of development of the plant, according to wdiicli its 
organs have a*sliorter or longer duration. The dvaih of the organ or tissue 
in wliich they exist results from the cessation of the vital activity of the 
cells according to these laws ; and their decay ^ from the now unopposed 
operation of simple cln'inical forces. 

731. The principal vital phenomena exhibited by plants arc con- 
nected either wdth the maintenance and increase of the individual 
organism, or wdth the producUoii of special structures endo-wed with 
the powder of growing up into new iiidividimls when thiwn off by 
the parent. 

AVe say the principal vital nhenoniena, because there are some which 
we eanndt strictly aflirm to belong to either of the above classes, although 
there can be but^little doubt that they are in some w’oy related; of these 
are the movements of plants like the Sensitive-plants, the folding up of 
leaves or flowers, &c. 
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732. The processes of vegetation, or growth of the individual, are, 
from the peculiar organization of vegetables, connected with the 
processes of reproduction, properly so called, by the phenomenon of 
yniiltiplication or propagation through natural or artificial separation 
of portions of the structure which might remain and form branches 
of the parent stock. This vegetative propagation, distinct in important 
anatomical and physiological characters from sexual reproduction, is 
found in all classes of plants, and from its im2)ortance in relation to 
cultivation deserves separate consideration. 

The construction of plants from a number of like parts more or less 
physiologfically indeptmdent allows of their being increased by mechanical 
subdivision of the parent “ stock,” which is efi‘ect(‘d by making cuttings <&c. 
The same occurs in the propagation of plants by bulbs, tuliers, &c. (§ 4(1 
et seqq.). Through the abstract consideration of these cases have arisen 
some curious discussions as to th(‘ proper jipplication of the term “indivi- 
dual ” in plants. It is not worth while to enter into these nice metaphy- 
sical points,* for practical purixises it is most convenient to regard as an 
individual every vegetable body possessing all the organs necessary for 
life, the parts of which, liowevor num»*rous and freciuently rep(*ated they 
be, are organically coherent and have a dclinite collective form : thus w(‘ 
should regard the Oak-tn'c as an individual, and in like manner tin' colony 
of simple cells associated in the thalhis of PediaMrum (tig. 402, 11, a). 

733. The Vegetative processes of plants are divisible under several 
heads, which, however, present many points of interconnexion. 

Nutrition, properly so called, can only be said to go on in tlio pro- 
toplasmic matters found in the interior of cells, since' it is these sub- 
stances alone that exhibit phenomena of consumption and reparation. 
The tissues of plants are, under ordinary circuinstancc.s, never re- 
newed ; the only chaiM^ which they undergo arc stages of pro- 
gressive development 6f growth, succeeded sooner or later by 
decomjmsition. 

Development or organization constitutes the most striking mani- 
festation of the vegetiitive action ; but this is a final result, prepared 
from, and incessantly accompanied by, phenomena wlijch are re- 
sults chiefly of the regulated action of physical and cheittfcal forces. 

TliO subsidiary operations of vegetation are — absorption of food, di f’- 
fusion or trammission of fluid through the organic structure, assimi- 
lation of absorbed material, and, intimately connected with this, the 
so-called respiration and transjurntioin. Secretion is more nearly 
related to devdopment than to the processes just enumerated. The 
relations of many of the secretions of plants are very obscure. 
Starch, chlorophyll, fixed oils, sugar, <fec. are of course (§§ 602-608) 
intimately connected with the vegetative growth ; but wo have no 
clue to the importance, as regards the plant, of the essential oils, 
remns, alkaloids, &c. * 

784. The Vegetative Propagation of plants presents special modi- 
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fications connected with the peculiar conditions of organization in 
the different Classes ; and there are some important considerations 
connected with the contrasts existing between the results of this and 
of sexual rc])rocluction. 

735. The l^exual lieprod action of plants offers a series of pheno- 
mena of much int()rest when viewed comparatively through the dif- 
ferent great Classes ; and the phenomena of Hybridisation and the 
inliuence of sexual reproduction in the maintenance of specific cha- 
racters require especial notice from the vegetable physiologist. 

As tbo Vegetative propagation is a process of vegetative life trenching 
on the region of reproduction, so many of the phenomena accompanying 
sexual reproduction are properly special vegetative actions induced by 
peculiar stimuli ; among these are the phenomena of ripening of fruits and 
sporanges, the evolution of heat from flowers, the irritable movements of 
iloral organs, &c. These and some other unclassed phenomena will be 
most conveni(*iitly examined apart. In the succeeding Chapters on Phy- 
siology we shall examine separately : — 1, the processes ot V’^egetation ; 
2, the nhenotnena of vegetative Propagation : 3, the physiology of sexual 
Ih'proauctioii ; and, 4, various imclassed phenomena met with in a more 
or less limited range of cases of vegetable life. 


CHAPTER IV. 

PHYSIOLOGY OF VEGETATION. 

Sect. 1. Cell-Life. 

Movements of the Frotoplasin 

730. Intimately connected with the early history of the protoplasm 
of the cell (§ 590) are certain jftysiological phenomena of the con- 
tents of individual cells, which will be most conveniently described 
hero. 

During the time when the protoplasmic contents of young cells 
are becoming gradually hollowed out into spaces filled with watery 
cell-sap (§ 599), a regular movement of this protoplasm takes place, 
which may bo observed very readily in young hairs of Phanerogamic 
plants (fig. 497), and which probably takes place in an early stage in all 
other structures. This movement, which is erroneously called rotaiim 
of the ceU-sapf is a circulatory movement of the protoplasm made per- 
cci)tible by th8 minute opaque granules which exist in the colourlesQ 
fluid. The nucleus is also carried slowly along in this movementl 
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whichyWhen the protoplasm has become converted into a mere network 
of cords, has the appearance of a system of 
reticular currents (fig.r);]8). This movement 
of theprotojdasm ceases in most cells before 
they are full-grown ; but in many aquatic 
plants, even of the class Phanerogamia, the 
protoplasm docs not become excavated in 
the same way as it does in the cells of hairs 
&c., but applies itself as a thickish layer 
upon the inside of the cell-walls, and, 
retaining its activity, performs a rotatory 
movement around the wall of the cell per- 
manently. In Ohara, the moving layer of 
protoplasm is not applied upon the cell- wall : 
the primordial utricle, with tlie chlorophyll- 
corpuscles imbedded in it, lies on the cell- 
■wall motionless ; and a thick mucilaginous 
layer, situated between this and the central 
cavity filled with watery cell-sap, continually 
circulates. 

The circulation in reticulated curr(‘nts is most easily observed in young 
hairs of the higher plants. Tlie movement of the parietal layer o( proto- 
plasm isjiiade very visilde in the leaves of ValUmeria by the gi'een chlo- 
ropliyll-corpnscles imbedded in it; and it may be well s(‘cn in Anacharis^ 
in the delicate tissues of lltfdrocharis^ Stratiotrs^ ko.. It. occurs in tlie 
rootlets and other parts, as well as in the leaves. The phenomenon is 
most strikingly showm in the C’haraceaf', especially in the Nitvlhry which 
are simpler anti hence more transparent forms. 

This movement is only affected hv substances that injure th** healthy 
condition of the stnicture, such as clnuuical agt.mts producing bui*sting or 
solution of the lissm*, heat siitBcient to cause ctia^ulation or solution of 
contents, In Ohara, the large cells may lx* tied across, and yet the 
circulation be set up again in each of the chamber tlius formt'd. Elec- 
trical currents do not affect it. 

The movements in tlie protoplasm we attributed to various causes, such 
as contraction of certain portions of it, varying degn^es of imbibition in 
different portions of the mass, the alternations in this wise giving rise to 
the ciuTents. In many cases it has been definitely proved that the move- 
ment of the juices in which chlorophyll-granuJ,Oj| are contained is directly 
dependent on tlie agen^ of light, espl»cially of ifie more highly refrangible 
rays of the spectrum. Under the influence of diffused light the chloro- 
phyll-granules range themselves pamllel to the surface ; but under tluit of 
direct light they are disposed on the lateral walls of the cells. 

737. Analogous to the rotation of the protoplasm is the movement 
of the ciliated zoospores of the Algse, and the elliate/l speroiatozoids 
or antherozoids of the higher Cryptogamia and the Al^. 

{ Zoospores are formed by the contents of vegetative cells becoming 


Fig. 5:J8. 
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isolated from the cell-wall, and individualized into one ((Edogonium 
tig. 535), a f(^w {Ulva^ Uhthrix, &c.), or numerous {Cladophora 
fig. 4()5, c, and fhscosporeaD) corpuscles, which break out from thq 
parent sac, and wlicii free are seen to be provided with vibratUe^ilia 
(2, 4, or many), and to swim about actively for a period of from naif j 
an hour to several hours, then to settle down, become encysted by ai 
cellulose membrane, rcassume die characters of ordinary vegctablei 
cells, and grpw up into new plants by cell-di\ision. 

It has been observed that those zoospores with cilia at one end 
direct that extremity (which is destitute of chlorophyll) towards the 
light ; and, moreover, the locomotion of these bodies is accompanied 
by a movement of rotation on their own axis. 

Sperm atozoids are filiform bodies of various forms, mostly presenting 
one or more spiral curves, or minute globules, and usually funmhed 
witli vibratilo cilia. I’bey are formed by a metamorphosis or the 
protoplasmic matter of colls developed for the purpose in the anthe- 
ridia of the Crj ptogamia. They are extremely minute, but move 
very actively when they escape from their parent cells, continuing to 
swim about for some time, being destined to find their way to the 
arclu'goniuni (or to the spores in Algie), to perform the fertilization 
of tlu' germ-cell, ^lany, however, never reach this, and they 
gradually dissolve away. 

Ill the Volvociuete (fig, 402, n), the sepiirate primordial utricles lie im- 
ludded in a common envelope, without a lueinbrariousi cell-coat, retaining 
llu-ir vihratile cilia throughout life, only hecoming encysted and formed 
into proper vegetahle cells when converted into rcsting-spores. In the 
intimate affinity between these productions and the Ih’otozoa, or lower 
Infusorial Animalcules, we perceive tlie close bond which exists between 
aniniMl and veg(3table organization wlu-n reduced to its lowest terms. 

738. As long as a cell retains its active protoplasm, it is capable 1 
of producing new colls and organized forms of assimilated matter,! 
like starch and chlorophyll,, in its contents. This is the case, of| 
course, in all nascent tissues ; luit it ceases to bo so at various 
])eriods in different parts of the vegetable organization. In all woody 
tissues, in all pitted and spiral -fibrous cells, it disappears early, 
the seeondary deposits of the ligneous character being formed ap-V 
pnrcntly from the wate^ cell-sap. In herbaceous organs, such as 
leavi's, in the cells of "tte Cellular plants generally, in fact in all 
the prt>pcrly living structures, the protoplasm remains. 

'riiis explains why the power to fonn adventitious buds exists not only 
in the camhium-layer of the higher pllints. but, under certain conditionsA 
oven in the leaves (as in Btyopht/lhim, Ofoxmia^ &c.), and why gemmaA 
(ion or propagation by little cellular bulbils, or isolated cells detached 
from the vegetative organs, is so common among the Cellular plants, and* 
in the Mosses and Liverworts, where parenchymatous tissues so greatly 
predominate. 



554 


PHYSIOLOGY. 


Nutrition in Cellular Plants. 

• 

739. The elementary structures being essentially alike throughout 
the*V"egetable Kingdom, and the physiological phenomena of vege- 
tation depending almost entirely upon processes taking place in the 
individual cells, it is very instructive to examine the plienomena of 
nutrition and growth in those simply organized plants in which we 
are able to observe directly the changes in the living c^lls. 

Many cellular aquatic plants are especially adapted for these researches, 
from their simple structure, transparency, and their aquatic habit, which 
permit us to keep them in a growing condition in glass cells beneath the 
microscope. 

7^. What is called the ‘^Yeast-plant ” consists of a particular form 
of t* vegetable structure {niifcelhim) of a Fungus (fig. 408, A). It is 
composed of simple cells, which will go on multiplying by budding 
for an indefinite time if placed in a liquid containing a mixture of 
saccharine ordextrinous substances, together with albuminous matters, 
at a moderately warm temperature (59^-07'^ F.). These cells arc 
simple membranous vesicles, with their walls formed of a modifica- 
tion of the compound (ceUitlose) of which all vegetable cell-raembrancs 
are formed. Within the colls exist nitrogenous matter in the con- 
dition (5f protoplasm (§ 597). The increase of the plant is dependent 
on the a.ssimilation of substance requisite for the production of now 
cell-mcrabranes, and of other substances to furnish new nitrogenous 
contents. When no material for forming cellulose exists, the plant 
cannot grow ; but in solution of pure sugar, in the absence of any 
nitrogenous substance, the plant will multiply its cells for a certain 
time, the protoplasm of the old cells being transferred into the 
new ones as they are successively evolved. But under these latter 
circumstances the cells become gradually smaller, and at length 
cease to multiply, a portion of the nitrogenous matter being wasted 
in the reproduction until it becomes insufficient to carry on the 
growth. ^ 

On the other hand, if sufficient nitrogenous matter exists, the 
fermentation goes on, accompanied by the production of a more 
developed form of the mycelium, consisting of elongated interwoven 
filaments (the so-called Vinegar-plant); and development of this 
continues, if not interfered with, until the liquid consists of little 
else but pure water. The final fonn is the so-called “ mother ” of 
vinegar, which destroys the aoetic acid. 

741. The succession of phenomena here exhibited is connected 
with a series of chemical changes which are probably somewhat as 
follows. The whole of the processes are accompani^ by evolution 
of oarbonic acid (carbonic dioxide). The earlier growth can go on 
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without access of oxygen, as is evident from the fermentation pro- 
ceeding in largo vats with a stratum of carbonic acid several feet 
thick over the surface of the liquid ; the growth in the latter stages 
takes place most freely with access of air. Tha original liquid con- 
tains grape-^ugar (glucose), or dextrine, and nitrogenous matters. 
The action of the protoplasmic matter of the yeast decomposes a por- 
tion of this, forming ccll-memhranos. The chemical actiota here set 
up disturbs the combination in the rest of the sugar, which loses 
carbonic acid and becomes alcohol. If the growth of the Fungus* 
continues, the alcohol becomes decomposed (seemingly by contact- 
action again), absorbs oxygen from the atmosphere, and becomes 
acetic acid. 

It is not clear in most cases to what extent the Fungus is nourished 
on the alcohol, or on the saccharine or dextrinous matters mixed with 
tlic alcohol. To form cell-membrane from alcohol would requiA) the 
absorption of a large quantity of oxygen, and the formation of mu#h 
acetic acid and water. The growth of the Vinegar-plant in solution 
of sugar, then, would a])pcar to cause simple liberation of water, 
while the contact-action in like manner decomposes the sugar into 
acetic acid. The “mother of vinegar’’ finally is developed at the 
expense of acetic acid, with separation of water. '* 

'i'he processes here briefiy described cannot be, disregarded when 
we inquire into the mode in which plants generally take up their 
food. Not only do the Fungi all feed in this way — as, for instance, 
the Dry-rot {Menilms), which lives on the dead substance of timber, 
or the parasites like Fuccinue, the Potato-fungus, &c., w^hich send 
their mycelium into the tissues of living plants to feed upon their 
juices — but the same laws evidently regulate the nutrition of the 
colourless parasites, such as Orobanchaccie (page 332), and the Ehi- 
zanthous plants (page 360). 

742. Following out this train of reasoning, we arc iri’bsistibly led 
to the conclusion that the same processes may occur in all plants 
under particular cir^mstances, although not absolutely necessary 
except at certain stagls of growth. 

In germination, doubtless the decomposition of the store of starch 
&c., with evolution of carbonic acid, during the recommciicomeiit of 
cell-development, is a phenomenon essentially similar to the develop- 
ment of the Yeast-plant, i^ud wo cannot find any reason to suppose 
that the roots of plants, which absorb all substances indifferentlyi 
can refuse to take up organic matte^ existing in a state of solutiool 
in the soil. The extent to which growth may be stimulated, with- 
out access of light, by profuse supplies of organic food, is stnkingly 
illustrated by the many succulent vegetables cultivated for the 
table, such aS Sea-kale, Celpry, forced early Bhubarb, &c. And 
the tissues of the plants thus grown have exactly that weak, sue- 
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culent character which is so striking in most leafless parasitic plants 
and Fungi. ♦ 

Further applications of these facts will bo dwelt on in the succeeding 
Sections. 

743. In the above remarks we have considered only cases where 
Cellular plants appear to derive the material, both for their cellulose 
structures and their proio])lasin, from organic substances, absorbed 
as such. By far the most striking phenomena of vegetative lift are 
those in which inorganic matters are assimilated, and the gaseous 
and licpiid constituents of the atmosphere and soil supply the requi- 
site food. 

If all plants required organic food, the organized substance upon the 
glol)e must continually decrease, since, as wo have just seen, those which 
do live upon organic matter fca^ite this through decomposition by contact- 
action. I3ut the organic matter of soils upon which plants grow and 
decay in successive crops, undergoes continual increase, as we observe in 
the accumulation of vegetable -mould on undisturbed grass plains and in 
forests where the debris (fallen leaves, underwood, &c.) is not removed. 

74i. The majority of plants feed upon water, carbonic acid, and 
ammonia (and perhaps other nitrogenous compounds), with small 
quantities of various f)iher elements, snch as sulphur, phosphonis, 
and the salts of lime, potash, t^c. Such plants can only flourish 
under the influence of light : and under tliis influence they product^ 
from the above materials, new cellulose d:c. and protoplasmic 
matter. The assimilation is in such cases, as a general rule, accom- 
panied by the assumption^ of a green colour, from the formation of 
chlorophyll. 

Exceptions to the last assertion appear to exist in th(^ red. olive, and 
lather peculiarly coloured Algjo, in which no chlorophyll is prudiictMi ; 
but we are totally ignorant of the processes wdiich go ou in the vegetation 
of these plants. 

745. The history of tlie changes which take jflaco in the cell- 
contents of the green Contlrvoid Algrn (fig. 465), which we are able 
to observe to a certain extent beneath the microscope, aft'ords some 
material toward the comprehension of tht? processes which have their 
seat in the green parts of the higher plants. 

We observe in the elongating apical or branching ctdls of the 
Confervoids, that the contents of the nascent parts (as in the upper 
half of the dividing-cell of (Edorjonhuu &c.) arc chiefly composed of 
colourless protoplasm, with ’vvat9ry Ccil-sap. Under the influence of 
light, green chlorophyll-corpuscles become more and nioro abundant ; 
and under favourable circumstances of light &c. (accompanied by 
liberation of oxygen gas) the chlorophyll-corpuscles soon present 
starch-granules in the interior, w^hich multiply and' increase con- 
siderably in size. This formation of starch occurs chiefly after the 
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cell has attained its full growth, and may be regarded as a continu- 
ation of the prqiess which produced the cellulose of the cell-wall, 
now no longer required for the purposes of the individual cell, the 
contents of which, however, proceed with their assimilative action. 
After a time the cell prepares for propagation, or reproduction. Then 
the starch-granules disappear, apparently by solution into dextrinous 
or analogous matter requisite for the development of new cell- 
men\branc, which soon takes place, either in cell-division (§ 694), or, 
it‘ the primordial utricle is discharged from the parent cell in the 
form of zoospores (§ 698), in the formation of the cell- membranes of 
these bodies after they have come to rest. 

AVliere resting-spores are to be formed, different changes ensue 
after the solution of the accumulated starch. The new cell, intended 
to remain in a quiescent condition, becomes coated by a cellulose 
membrane, or often two distinct concentric coats ; and, at the same 
time, that portion of the contents consisting of dextrinous or ana- 
logous matter which has not been consumed in forming cell-mem- 
brane becomes converted mio fixed oil, the green colour disappears, 
and the contents assume a red or brown colour, and external stimuli 
(light &c.) produce no influence. When these bodies germinate 
(which usually only occurs after they have been dried up and axe 
again placed in water), the chlorophyll gradually reappears and the 
oil vanishes, and the entire course is run through again. 

Comparing these phenomena with what we obseyve in the higher 
plants, we notice the similaiity as regards the production of chlorophyll 
in the leaves, followed by the appeartmee of starch-granules as a form of 
accinmdatcd nutriment. But the functions being more localized as the 
organization is more complicated, the starch thus formed is subsequently 
dissolved, and is carried away to the growing tissues of the plant, to the 
l)uds, cambium-region, and roots, where it is laid up in autumn, very 
often in this same form, but not unfrequently in the condi^on of fixed 
oil, as in the rhizomes of Cijperm, of Lastreca Filix-iiim, &c., and, above 
all, in stnictiires which, like the restim/--»porps above mentioned, are to 
remain quiescent while exposed to considerable diversity of extemaheon- 
ditions, namely in seeds^s in the cotyledons of Cruciferae, Almonds, Nuts, 
Walnuts, &c., or in the albumen of Poppies, Euphorbiacete, &c. 

The oil (or starch in other cases) stored up in the seeds and rhizomes 
undergoes decomposition and solution in germination, to supply material 
for the cell-membranes of the nascent plant until the roots nave become 
sufiiciently developed to provide for it. 

We have at present no very satisfactory evidence of the kind here 
brought forward to indicate the mode in wliicli the nitrogenous matters, 
necessary for the fonnation of new profcplasm, are taken up. The ques- 
tion of the assimilation of nitrogenous matters will be considered in tiie 
following section, on the Food of plants. 
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Sect. 2. Food of Plants. 

74(). The first stop in the investigation of this subject is to 
ascertain what substances enter into the composition of vegetable 
structures and juices. 

Analyses of plants have demonstrated the existence of the 
following chemical elements in plants : — Oxygen (0), Hydrogen (H). 
j Carbon (C), Nitrogen (N), Chlorine (Cl), Bromine (Br), Iodine (I), 
Fluorine (F), Sulphur (S), Phosphorus (P), Silicon (Si), Potassium 
(K), Sodium (Xa), Calcium (Ca), Magnesium (Mg), Aluminium (Al), 
Manganium (Mn), Iron (Fc), Zinc (Zn), Copper (Cu), Titanium (Ti). 
Arsenic (As), Lithium (Li), llubidium (Bb), Ciesiiiin (Co)), and 
Barium (Ba). 

AU of these, however, do not exist in every vegetable substance : 
the first four arc universally present, while a perfectly healthy con- 
dition cannot be assured unless sulphur, potassium, calcium, magne- 
sium, iron, and ])h()sphorus are also present at some time or other. 

i 747. With the exception o Loxifffen , these elements are not taken 
up by plants in a simple form ; and none of them exist as such in 
vegetable substances . The compounds of the ditferent elements differ 
much in the proportion in which they exist. AVater (HO or H,,0) 
may form 00 to 1)5 per cent. Of the dry substance, compounds of 
carbon, hydyogeii, and oxvgen (C H 0) may form GO per cent. ; the 
alkalies, earths, and metallic oxides commonly form 1 to 4 per cent., 
in rare cases as much as 20 per cent. 

748. The great mass of all plants is composed of the first four 
elements in the list : — the solid parts, of compounds of carbon, hy- 
drogen, and oxygen ; the protoplasmic cell-contents (§ 51)7) of com- 
pounds of these three elements, with the addition of nitrogen. 
Sulphur and pliosphorus appear to he necessary constituents also in 
the protoplasmic coinpounds ; the alkalies and earths are, in most 
cases, requisite in the processes of elaboration, but may, in many 
cases, he substituted for one another (perhaps in certain cases may 
be replaced by ammonia); chlorine is necessary in many plants. 
Iodine and bromine arc met with, particularly in marine plants ; but 
it is pot clear whether their presence is necessary, or mt'rely an inevi- 
table result of the absorption of sca-w^ater. Iron and manganese are 
met with ve^ commonly, copper and zinc more rarely; silicon abounds 
in certain Orders (( brasses, Equisctaceaj), and is met with in many 
plants in smaller proportions.. The most necessary ingredients for 

J ^the due nutrition of the plant are, in various proportions according to 
I circumstances, a nitrate pr an ammonia salt, a salt of potash, soda, 
qlime, magnesia, and iron. 

749. We have stated that (green) plants in generid acquire their 
nitrogenous food by their roots (from the nitrates of the soil), and 
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their c arbon accoiLs food b y the^ leaves. The sources of the food are| 
therefore tho soS and atmosphcrcTn which plants grow ; and the | 
inquiry presents itself at onj^e as to the form in which the food is* 
supplied to and taken up by plants. 

On the one hand, we know that plants can absorb substances only 
in a liquid or gaseous form {§§ 755, 756); on the other, we know 
that both the atmosphere and the soil contain carbonic acid, water, 
and various nitrogenous compounds soluble in the latter. The alka- 
lies, earths, &e. exist only in the soil, and in more or less abundance 
and more or less soluble forms in different cases. 

Observation teaches us that the sim[>ler plants, such as the Pal- 
moilea\ Lichens, many flosses, &c., can grow upon bare rocks or 
stones, and obtain their carbon, hydrogen, oxygen, and nitrogen 
from the atmosphere alone ; and experiment shows that these are 
siii)plied in the form of carbonic acid, water, and ammonia ; the sub- 
stratum here supplies only the small proportion of mineral substance 
that is required. Moreover it is possible to grow a plant to maturity, 
and even to make it ripen its seed, in distilled water containing in 
solution only the ash-elcments of aquatic plants, such as>Confervas 
&c. Similar growth may be obtained by growing a plant in a watery 
solution of the necessary mineral ingredients of the jdant, together 
M’ith a nitrate or an ammonia salt, the excess of carbon in those cases 
being derived from the air. 

Further, it is obvserved that, if a vegetation of J:his kind goes on 
undisturhed for a Icngthoued jicriod, the decay of successive gene- 
rations of plants leads to accumulation of organic substance, of vege- 
table mould, the material of which has been derived from the atmo- 
spltere by the plants, but havS not been consunwJ, ?. e, decomposed 
into its original forms of carbonic acid &c., by them and their suc- 
cessors. ^ 

From these facts it has been concluded, in the first place, and truly] 
that green plants have the power of feeding upon inorganic sub^ 
stances, and fixing them in definite organic compounds ; secondly 
but with less justice, that this is tho universal law of vegetable nn-| 
trition — that jffants live exclusively on inorganic substances, which 
they convert into organic matters unfit for their own use, and 
only assimilable after a new decomposition. In regard to certain 
plants this last assertion ifi altogether inadmissible, namely the 
Fungi and, above all, tli^ colourless jparasites (§ 741) ; and not only 
is it contradicted by the phenomena*of their life, but it is opposed 
to the universal experience derived from observation of the culti-v 
vation of plants. Lastly, we know of no, cause why phinls should j 
refuse to absor^ organic substances presented to them in a state off 
solution favourable to endosmotic action in the roots. 

It is very true that many even of the higher plants will grow upon soil 
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almost destitute of organic matters, as we see on sandy heaths &c. ; but 
the kind of vegetation wliich characterizes such soils is very different from 
that which clothes land covered with vegetable mould. And the intluence 
of manures in apiculture must be attributed in a great measure to tlie 
extensive aid afforded to the plant in the shape of additional supplies of 
organic matters, which bear a kind of compound interest, since the in- 
crt^ased growth they produce gives increasecl power of independent assi- 
milative action. 

750. Spontaneous vegetation is nourished principally by carbonic 
acid and ammonia always existing in sufficient proportions in the 
atmosphere. The former substance is taken up by the leaves ; and 
the latter is also prob.ably absorbed by the aerial organs of plants, 
since the lowest kinds have no roots ; but the principal supply to the 
higher plants seems to he furnished through the soil, which receives 
ammonia dissolved in rain and dew, and, where porous, absorbs it 
greedily. 

751. Plants growing upon soil abounding in decaying vegetable 

and animal matters are doubtless supplied with part of their food 
from those sources. Ammonia is a constant product of decomposi- 
tion of animal substance, carbonic acid of this and vegetable matter. 
But from the researches of Mulder it would appear very probable 
that the old vegetable matters may pass into the Iriing plants 'with- 
out undergoing decomposition into carbonic acid and water. Tho 
black decaying matter of vegetable origin, called is decomposed 

in the soil into a series of organic acids, of which the last members 
possess much affinity for ammonia, and form both with it and the 
alkalies soluble salts, which may he absorbed as such by the 
roots. In favour of Such a view is the fact that carbonate of 
ammonia (decomposable by crenic and apocrenic acids) appears in 
many cases hurtful when applied directly to the roots of plants. In 
addition to the tendency of these organic acids to attract ammonia, 
they seem to be capable gven of causing its production in the 
soil, since, in the progressive'^oxidation of humus taking place at the 
e^ense of water the hydrogen of the latter possibly com- 

bines in its nascent state with the nitrogen of the atmosphere to 
form ammonia. 

It has been common in recent works to •find the value of humous or 
carbonaceous matters in the soil estimated very low ; they have been re- 
garded either as merely improving th^ ^(physically ) absorbent power of 
soils, or as sources of carbonic aciJ, alreaay |ufficiently provided by the 
atmosphere. But the above observations; borne out by the experiments 
in Turnip-growing by Lawesji|d Gilbert, are in favour of a higher esti- 
mate of me value of aecajd^ig&^naceoiis mattom, and of regarding them 
as important constituents of farmyard-manures for certain purposes. 
Lawes and Gilbert found that stimulating nitrogenous manures in excess 
were rather detrimental to the growth of turnips, leaf-formation going 
on at the expense of the roots ; but this was counteracted in a great mea- 
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rare by supplying, witb the nitrogenous manures, caihonaceotis substances 
iu considerable proportion. 

1 52. Certain observations made by Ville appear to indicate a power 
ill living plants to fix nitrogen from atmospheric air ; but this is 
negatived by Boussingault, Lawes and Gilbert, Pugh, and others. That 
ammonia i& not absolutely necessary for the nitrogenous food of 
plants is distinctly indicated by the effect of nitrates as manures, 
rivalling that of salts of ammonia. Moreover it has been stated re- 
cently that ozone (a peculiar condition of oxygen) converts ammonia 
into nitrous acid ; and there is reason to suppose that the ozone con- 
dition of oxygen is produced in certain cases in the liberation of that 
ehmient by plants. 

753. We may sum up briefly what appear to be the most proba- 
ble hypotheses respecting the acquisition of the four principal elements 
(C, II, 0, N) of the food of plants. 

1. The cell-contents of plants, wdien they contain protoplasm, are 
capable of assimilating nitrogenous matters in the form of com- 
pounds of ammonia or nitrates. 

2. Protoplasmic matters are capable of assimilating organic ternary 
compounds, without the aid of light, in the form of dextrinous 
or saccliarine substances (Fungi), and in the form of compounds 
of tlie organic acids of the soil (crenic and apocrenic acids) with 
ammonia and alkalies. This action is accompanied by contact- 
action also, decomposing and wasting the^ organic matter 
(§741), when it goes on in Fungi or in other plants in the dark 
(germinating seeds, blanched vegetables, &c.). 

3. Protoplasmic matters, in all plants except Fungi (and perhaps 

• some Algm), are capable of decomposing carbonic acid when 

(‘xposed to sunlight, the carbon entering into union with the 
elements of water to form the ternary compound, C H 0 
(dextrine, sugar, cellulose, starch, &c.). 

754. For their mineral food, plants are of course chiefly dependent 
on the soil in which they gro^v. The gradual decomposition of rocks 
furnishes the earthy and alkaline constituents, wdiich must vary on 
difleront formations or according to diluvial actions. Marine plants 
naturally accumulate many of the mineral elements of sea- water ; 
and plants growing near the sea derive a certain amount of the salts 
of sea-water from the atmosphere, brought by the winds ; the salt 
spray is shown to be caijied great distances by its being injurious 
and destructive to mdny kinds of plants growing exposed to sea- 
winds. 

Sect^ 3. Absobpxio^. 

755. Since file lower plants consist of closed cells, in the interior 
of which their vitalized substance resides, and tke membrane of their 
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cells, so far as our investigations can reach, is, in general, destitute 
of orifices, the food of those plants can only be taken up in a liquid 
or gaseous condition by the still mysterious process of imbibi- 
tion. 

756. In plants of more complex organization, although loose 
parenchymatous tissues exist, and tho interspaces (§ 616) become 
concerned in at least secrethtif the external vsurface of the plant, 
by whicli food must penetrate, is carefully guarded by a continuous 
epidermis, entirely devoid of orifices in the roots, the principal ab- 
sorbing organs ; and though perforated by stoniatal orifices in the 
leaves and other aerial organs, these arc carefully guarded by special 
contrivauces to prevent the entrance of solid matter, and in all cases 
lead merely to intercellular passages, e.xternal to ‘the membranes of 
the vegetative cells. 

In the Puiigi, Lichens, and Alga) absorption appears to take place 
freely at all points of the thalliis to which gases and licpiids have 
access. The structures of Alosscs, Ilcpaticm, and the smaller mem- 
bers of the higher groups of Cryptogams are likewise so simply 
cellular that they appear to be little dependent on root-structures. 

In the higher Cryptogamia and tho riianerogamia tho absorption 
j of liquids appears to be confined to the roots, the epidermis of the 
{ leaves ike. d)eing so organized as to oppose the entrance of water, 
while the stoinatal cells which guard its orifices, swelling up so as to 
close tho slit between them when filled with tluid, concur to prevent 
the absorption water or other liquid. Gases, however, penetrate 
freely through most eell-ranmbranes, and. hence may be absorbed by 
leaves, and can pass freely through the stomata into tho intercellular 
passages. 

757. The pliysical phenomena of <liff*usio^ and oamo^e uro the most 
^important agents in the acquisition, by the cell-contonts, of material 
jfrom withdut. These fd|e^^omena depend, first, on adhesion of the 
^liquid to the solid, and then on any circumstances which cause move- 
ment in the molecules of the liquid. ^ 

We may say, in general terms, that when two liquids of different den- 
sities (the one coUoidaV' or little diffusible, the other ** crystalloid^^' or 
greatly diffusible) are separated by a membrane or otlfhr porous substance, 
the denser liquid becomes increased Ui tglk by the passage of the thinner 
hquid idto it through the nieiubra9t,fc&:^is rule is indeed subject to mo- 
difications, dependent upon other qualifies besides density of the liquids, 
such 118 their molecular relations to the subsmnre of the separating mem- 
brane, thG molecular nature pf fhe membraue itselL &c., since, of two 
difierent liquids, that which is more readily, imbibed by the membrane 
« paws through in a preponderating current. 

^ When we^^lace sim^e vegetab)^, cells with rfexible fell-membranes, 
such fte many pollen-brains, yeadt^obules, &c., in water, their denser 
eell-ccbtenta absorb lyater and the ceU-wall, expands, sometimes even 



ABS0K3PTI0ir. 


583 


bursts. On the other hand, placed in strong? solutions of sugar or gum, 
such cells will lose part of their contents and shrink. But these simple 
experiments are not siitHcient to indicate what takes place in the cells of 
tissues filled with living protoplasmic matters ; for very frequently, when 
we place such cells in liquids diffeiing in density from tneir contents, there 
ensue successivo cliauges of condition, which must also he involved in 
many natural processes. Thus, if we place in water a fragment of cellular 
tissue from the region where pollen-gi.i'us are being developed in the 
anther, or spores in sporanges, water is absorbed through the cellulose 
coat, but the primordial utricle contracts; but when the water pene- 
trates the latter, it swells again and sometimes expands beyond its 
original volume, bursting the cell-menibrane vilieii this is weak. 

'Fhe presence of a membranous or porous septum is not essential to such 
a process of iiltidtioii and admixture fis above described. Two liquids of 
dillerent densities placed in contact will gradually mix by the attractive 
force that the one exerts on the other. This liquid dijfimmi depends 
materially in amount on the nature of the liquids — colloid or crystalloid, 
as the case may be. 

758. The recognition of endo&mose as the cause of the absorption 
of litpiids by the young roots and root-hairs affords some explanation 
of tho apparently contradictory phenomena which have been de- 
scribed by those who have experimented with a view to ascertain 
whether plants have any select infj-pown\ It has been shown that 
there exist some very comidex circuuistances of purely physical 
nature in cndosmotic processes, and that simple density of liquids is 
by no means the only important point — alkaline, ackl, or neutral con- 
ditions of mineral salts causing special peculiarities, dependent on 
chemical and molecular relations to the membrane or porous inter- 
posed substance, and in other cases on chemical actions taking place 
on one or the other side of the membrane. 

Some writers assert that the roots of plants absorb all substances ihA 
difft‘rently ; and the experiments of Vogel and pthers appear Jo bear this 
out. But, not to mention that the ashes of different plants grown in the 
same soil have different composition, Tnuchinetti has shown that differ- 
ent salts are absorbed in different proportions from mixed solutions ; and 
in I)e Saussure’s expeririiPnts hying roots absorbed differently from 
diseased or dead ones. 

Such phenomena as these, however, may be explicable on purely phy- 
sical principles. It has been proved that different chemical salts exhibit 
unlike quantitative phq|omena in ppsing through dead endosmotic sub- 
stances; -and thus even worn hiix^^^d ^^ds one salt mi^hi pass more readily 
into a cell than another ; and, still more, the immediate decomposition of 
one salt alone, inside the membrane, while the other was not afi^ted, 
which might take pl^e in a living cell, v^oii^ greatly affect the endosmose, 
since the cell-contents would soon be saturated with thedatter, while the 
other would not accumulate In regard to I)e Saussure’s experiments 
(which are born^ out by ^^at we see beneath the microscope whei% we 
apply reagents, suph as iodine, to hli^liy or decaying tissues), t^fie is 
no necessity to have recourse to a vital, agency of Section, 
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chemical activity of the cell-contents, quite diflerent in a living and in a 
dead organism, might account for all the diversities, even if the dilferonce 
could not be explained by a physical difference of termm in the living 
cell-iueiiibrane and that of a dead organ, in which a process of decay im- 
mediatelv conimences if is exposed to the action of water. It has 
recently oeen shown that porous vessels placed in mixed solutions select, 
just as plants do under similar circumstances ; and those solutions which 
pass most freely through the walls of cells are those which always pass 
most freely through the sides of the porous vessels. Those cases in which 
the same amount of any given substance is capable of being absorbed by 

E lants which have nevertheless different chemical composition, may also 
e explained by the diffelfent osmotic powers possessed by the cells of 
different plants. Thus, supposing the root-cells of a cereal plant and 
those of a Leguminous plant to tahe up the same amount of -suica from 
the soil, the quantity of that ingredient would speedily be foiuid to be 
greater in the cereal than in the Leguminous plant, because the cells of 
the former can appropriate silica, and by osmosis store it up in the epi- 
dermal tissues, while the cells of the latter, having different osmotic rela- 
tions to silica, soon become saturated, and can take up no more. On the 
same principle we see cells in juxtaposition containing very different in- 
gredients, which yet do not mix because the conditions for endosmosis are 
m some way or otlier not favourable. 

Spblosing says that the power of absorbing mineral ingredients from the 
soil is diminished by limiting the process of evaporation, as when plants 
are grown under a bell-glass. 

\ 759. The leaves and other green parts of the higher plants do 
pot appear to aj^sorb liquids. Whether they absorb even watery 
/vapour to any great extent is questionable ; but it is certain that they 
I absorb gases, and that a very large proportion of the carbon which 
is consumed by green plants is taken into the system in the form of 
carbonic acid gas, by the leaves and green shoots. 

** Unger denies that leaves absorb watery vapour; but this is in contra- 
diction to ^he general impression ; and it is difficult to understand how 
they can reftise it. AVith regard to nitrogenous matters, there appears 
to be some reason to imagine that ammonia (or nitrates)* may do as- 
similated by plants, and possibly by their leaves, from atmospheric air. 
This point will be noticed further on. 

760. The entrance of gases into the colls is attributable, through 
their solubility in water, to eadosmotic action; while the laws of 
diffusion of gases provide for their entrance into the intercellular 
passages, winch brings them into ooptact ^th the deeper-seated 
cells. . , 

’ ^ Sect. 4. Diffusiok of Flitii) in Plants. 

761^ TPfie diffusion of the fluid absorbed by plants, and the nature 
of the interchar^es which take place between the products elabo- 
rated in thj». different tissues, offer a number of prob^ms, of some of 
which no very satisfactory solution can at present be offered. • 

762. In aquatic plants the entire surfaeb employed in absorp- 
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tion ; and the liberation of gases in the respiratory or other processes 
])eing accompanied by condensation of the cell- contents, endosmotic 
action is kept up constantly during active vegetation. 

In the Cellular plants, such as Lichens, Fungi, and even in 
Mosses and Hepaticm, the diffusion of the fluids would appear to be 
a result of simple endosmotic action continued from cell to cell in 
more or less complex series ; and in the plants growing in air, eva- 
poration of gases increases the density of the contents of the last or 
uppermost cells of the chain. 

763, In plants with well-developed stems and roots, the liquid 
nutriment is absorbed by the latter, and the movements which the 
ab>^()rbed fluids have to make are much more complex, not only from the 
greater variety of forms of tissue through which they have to pass, but 
from the multiplied details of the interchanges with elaborated matters 
arising from the scattered distribution of the leaves over the axis. 

7 04. As so largo a quantity of fluid is absorbed by the roots from 
below, it is clear that the diffusion of that fluid (or sap, as it is now 
called) must in the first instance be in an upward direction ; hence 
the phrase ascent of the sap. The main current of' the sap, then, is 
upwards from the root, through the stem and branches, to the leaves, 
wherein, owing to the changes it there undergoes and which will be 
hercMifter alluded to, its character becomes altered and the general 
direction of its current reversed. 

The upward direction of the crude sap, and still mSrc the downward 
current of the elaborated sap, must be understood in a general sense as 
indicating the prevailing direction of the current. A more strictly correct 
expression would be to say that the vsap, whether ascending or descending, 
moves in the direction in which circumstances are most favourable to its 
flow ; and this is to those spots where the sap is most needed for the • 
nutritive processes of the plant, as will be more fully explained in suc- 
ceeding paragraphs. * 

765. The c^ufifi8_prqducing the ascent of the sap arc manifold. 
They vary not only in thmr ha'fure, but, at ditfereiil times, in different 
parts of the same plant and undei; varying circumstances. We will 
first of all allude to the inducing causes separately, and then indicate 
how, when, and where they act. En dosmotic action consequent on/ 
the absorption of fluids by the root is on all hmids^admitted to play 
the principal share in the diffftsion of fluids throughout the plant. 
CapiUar y action facilitates the Upward passage in or between the^.^ 
flbro^wasciiiS tissues. JS’ssure,^yrhether exerted hy .the teosion of 
the cell-walls upon their^contents, attd' itself consequent on endos- ] 
mosis, or as the result of increased temperature, which expands theJ) 
air in the sten^ forces the fluids to move in the direction of least 
resistance. Thqjoscillations produced the swapng of the branches, » 

petioles, &c. by the^wmSlfiBO occasion intermittent pressure, to which 7 

^ c 
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Mr. Herbert Spencer attributes au upward thrust of the sap towards 
the point of least obstruction. 

i The profuse evaporation or transpiration of watery vapour from 
the loaves is a powerful agent in producing an upward flow of fluid 
to replace that which is lost in the manner indicated. The extrava- 
sation or exudation of sap consequent on the mechanical strains 
effected by the wind also give rise to a current of sap from below. 
Chemical actions, such as the transformation of starch into sugar &c., 
necessitate a supply of water and create currents of that fluid. 

The above-named causes act sometimes separately, at other times in 
combination. In the ropts, not only the absorption but the ascent of the 
sap is due to osmotic action chietly. 

The roots take an important share in promoting the upward flow of the 
spring sap. If, in spring, we notice the surface of stumps of timber-trees 
which have been sawn off in the preceding autumn, we find the cut sur- 
faces wet with abundant exudation from the outer layers of the wood ; 
and experiments made upon the cut ends of branches, by Hales and others, 
show’ that the sap rises iii them with very considerable force — in tlie case 
of the Vine, supporting a column of mercury 20 inches in height. It 
is evident, therefore, that tlie spring current, at least, is partly owing to 
absorption by the I’oots, in the cells of which decomposition and solution of 
starch are eflected, and wliicli must in consequence absorb water greedily ; 
the engorgement of the tissues may cause the liquids to be forced into and 
upwaius along the course of the vessels and ducts. 

In w’oody stems osmose also comes into play in conjunction with 
capillary action and pressure dependent on the various causes before named. 
Pressure resulting from increased temperature is illustrated bv the cir- 
cumstance that the flow of sap in the trunks of trees is greatest during the 
daytime, when the trunk absorbs the sun’s heat by its rough surface, 
and .least at night, when the tree is cooled by radiation. In tlie leaves the 
transpiration and the movements eflected by the wind afford the main 
causes for the rush of sap. In the expanding leaf-buds, and in all portions 
of the plant where vegetation is going on actively and wdiere in conse- 
quence large quantities of nutriment are required, the chemical transforma- 
tion of the cell-contents, which renders them available for nutritive pur- 
poses, necessitates a large quantity of water; and in consequence an 
endosniotic current is produced. This chemical action does not necessarily 
occur at the very point where growth is most active, generally, indeed, 
elsewhere, in what may be termed the store-cells, so that a current is 
determined from the store-cells to the gro^ng points. 

The transfers just alluded to may be cbmpafed to a row of firemen 
handing on pails .of water, in the absehce or a hose or continuous pipe, 
such as is Tepresented by the blood-vessels of an animal. 

The spring ascent of sap in Diootyledons is partly to be accounted for by 
the solution of starch, or the decomposition of fixed oil &c., in the buds ani 
cambium-region, as above mentioned (just as occurs in the root or in a seed 
beginning to germinate). But, as has been observed by von Mohl, the 
inspissated juices thus formed dd not lie in the sap-^ood wherein the 
ascending current flows, but in the cambium-layers where the elaborated 
sap descends ; and it is not* clear why the ascending fluid, if moved by 
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emlosmorie alone, does not pass out laterally into tlie cambium as soon as 
it readies the stem. That the buds, however, do exert this attractive 
force is seen by the influence of the heat of a greenhouse in causing the 
flow of sap in a Vine which is planted with its roots outside the house 
and its stem brought inside and trained there. 

766. In the leaves (and green portions of plants generally) the 
very important phenomenon of evaporation or transpiration of watery 
vapours occurs, and constitutes probably the most important agent of 
all in causing the supply and diffusion of food in plants. It has 
been stated above (§ 758) that plants absorb their liquid food pas- 
sively by their roots ; therefore, under equal external conditions, a 
pi ar t should receive the nutrient matters derived from its liquid 
food in the ratio of the quantity of water passing through its tissues 
and evaporated from its loaves &c., since the water passes off almost 
as pure vapour, and, at all events, leaves its mineral constituents be- 
liind. The amount of evaporation is remarkably great, and accounts 
ill some degree for the sustenance of plants by such extremely dilute 
solutions of their nutrient matters as they find in the soil. 


The exporimeuts of Lawes aud Gilbert give the following average daily 
loss of water in the months indicated, in pots of uiimanured soil, the first 
lino from Wheats the second from JPeas : — 


Alurch n>th Mjvrch28th April 28th May 25th June 28th July 28th 

to to to to to to 

March 28th. April 28th, Mav 25th. Juno 28th. July 28th. Aug. 11th. 

14;l 40-9 162-4 1177*4 15:l.5-3 lK)l-4 

11-2 42-9 100-4 1079-8 2a)2-7 377*2 


Aug. 11th 
to 

Sept. 7th. 

230-9 


The total amount of water given off’ during the whole period of 172 
days (March 19 to 8ept. 7) was, by the Wheats 113,527 gi-ains, by the 
Veasy 109,082 grains. The total quantity of mineral ash from each of 
the saniple.s was, JFAeai, 30*49 grains, aud 43*10 grains, which shows 
that the Wheat took up 32*14 grains, and the Peas 39*57 grains of mi- 
neral matter in every 1()0,000 gi*ains of water which evaporated from it. 

The amount of transpiration depends on the age of the plant, the 
ainoimt of surface exposed, the nature of the epidermis, the text(|^re of the 
leaf, &c. ; thus it is usually greatest on the lower surfaces of leaves, which 
are provided with the greatest number of stomata. External conditions, 
such ns the degree of moisture in or the temperature of the air, also 
exert great influence on tmispimtion ; the drier and hotter the atmosphere, 
the greater the transpiration. 'Light also has great effect on the quantity 
evaporated ; but it is difficult to^separate its effects ftom those of heat. 

In the spring, before the expansion of the buds, absorption is neces- 
sarily greater than transpiration, the watgr in such a case is stored in the 
stem, where it is made available for the expanding buds and p’owing 
tissues generally. In the summer the transpiration is greater than the 
absorption ; and then the leaves depend for their supply on the stores in 
the stem, or, failing that, they witneri Even in winter, provided the 
stem be not absolutely frozen, there is a motion of the juices, dependent 
to a great extent on the temperature of the soil, which is always in that 

2c2 
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season higher than that of the air, and it increases in amount from the 
surface downwards. 

767. As regards jthe special tissues through which the sap flows, 
the experiments of Hoffmann and others indicate that a very uniform 
diffusion of fluids takes place in the Cellular plants and in the Mosses. 
But* the last-named physiologist found that in the plants possessed of 
fibro-vascular bundles, the fluids passed up in the first instance from 
the roots chiefly in the prosenchymatous cellular constituents of .the 
bundles. These experiments were made ])y causing the plants to 
absorb fcrrocyanide of potassium; and then, by treating sections of 
them with a per-salt of iron, the course of the sap was shown by the 
local appearance of I^riussian blue, 

Unger’s experiments, in wdiicli he caused plants to absorb the red juice 
of the berries of Phftolaccay ^ave the same results. As a rule, it was 
found by both observers that the fluids did not pass by the spiral vessels 
themselves, unless the continuity of the absorbing surface of the roots 
had been destroyed. Herbert Spencer’s experiments, however, show that 
the passage tliroiigh the vessels is much more rapid than through the 
cellular tissue. Where cut branches are caused to absorb, the fluids rise 
in the open vessels and ducts by simple capillarity. 

768. The spiral and other vessels do not always participate in the 
diffulion of the juices; but in the commencement of the growing 
ing-season (wdtb us, in spring), the whole tissue becoming gorged 
with fluid,, tbe^ vessels are commonly found full of sap. In the 
regular steady course of vegetation the spiral vessels arc usually 
found filled with air. 

The intercellular passac/es arc also filled with air, exce])l undoi* 
peculiar circumstances, and therefore take no part in the distribution 
of the sap. 

769. The experiments wdiich have been made to ascertain the 

course of \he fluids absorbed by the roots, tend to show that the sap 
passes upward in the elongated colls associated with vessels in the 
fibro-vascular bundles, towards and into the leaves and other organs. 
The distribution of the fluids must therj^fore be very different in 
stems differently organized as regards the arrangement of these 
bundles. In Monocotyledons we find a series of isolated streams; 
in Dicotyledons the fluids ascend in a much freer and wider course, 
in the more abundant wood of the regularly arranged circle of bun- 
dles (§ 665). A further diversity arises from the changes which 
take place in stems with age : in 'Dicotyledons the inner layers of 
wood generally become converted in the course of time into heart- 
wood (§ 670), the solidity of which obstructs the passage of fluids, 
which then ascend chiefly in the outer, younger layers of wood, which 
constitute the alburnum or sap-)vood. * 

This is illustrated by the vegetation of hollow Dicotyledonous trees, in 
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which a suflioient layer of young wood remains within the bark to carry 
up the absorbed fluids. It is found that the careful removal of the heart- 
wood of trees does not prevent the supply of liquid to the branches from 
the roots j but if the layers of sap-wood are removed, the upper parts of 
the tree die from desiccation, even when the bark is left uninjured except 
to such an extent as is sufiicient to allow of removing the wood ben^atli. 
The rfiinoval of a ring of bark does not prevent the ascent of fluids but, 
as will be noticed presently, arrests the downward distribution. 

770. A certain amount of lateral diffusion takes place from the 
ascending current, supplying the surrounding tissues with water, 
and, perhaps, nitrogenous materials ; but this point is not clear. 

771. The fluid wliich is found in the sap-wood of Dicotyledons is 
of f‘ watery character, containing dextrine and sugar, but not starch, 
chlorophyll, or any colouring-matter. It contains^ also mineral gaits 
a}>sorbed by the roots, in an undecomposed condition, at considerable 
heights in the stem. These fluids are called crude saps, and occur 
in especial abundance at the lime (spring) when the renewed che- 
mical activity in the developing cclliilar tissues causes an increased 
absorption of fluids. 

This C7'ude sap flows out freely from incisions into the sap-wood of 
Dicotyledonous trees in spring, and sometimes spontaneously bursts forth 
in a kind ot overflow, as in what gardeners call bleeding of ^ines, 
llirclies, i'ce. 

772. The crude sap becomes more and more condensed as it as- 

cends in the stem and other organs. In the leaves ^nd other green 
parts it undergoes a most important transformation, loses by trans- 
piration much of its water, and receives a new element in its 
composition, of the highest importance to it as material for develop- 
ment, namely carbon, derived from the carbonic acid absorbed by 
the leaves and decomposed there in sunlight, with the liberation of 
oxygen. • 

773. The nature of the progress of the sap thus elaborated from 
the leaves into the cambium- region (§ OGO) of the stem and other 
parts is at present obscure. Some authors, indeed, totally deny that 
the elaborated sap does descend ; but this is in contradiction to all 
experience and observation. All experiments which have been made 
favour the opinion that there is 'a descent of sap elaborated in the 
leaves, in Dicotyledons at least, in that part of the fibro-vascular 
bundles coinciding with the edmbium-ring of the stem — that is, in 
the camhium4aycr of thp ^o od and iu the internaL-tiasue. of the 
bark. This supplies the material for the development of new wood 
inlho ftbro-vascular layers ; and this elaborated sap e\ddently passes 
not only downward, but also inward, by lateral transmission, since 
wc find in autumn starch-granules laid up in the medullary rays 
between the wedges of developed wood. 

The sap therefore performs a kind of circulation in Dicotyledons, 
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not in a proper system of vessels, but by a series of disturbances 
and restorations of equilibrium in a mass of permeable tissues, de- 
pendent upon local physical, chemical, and developmental actions. 

The evidence of a descent of elaborated sap is overwhelming. The 
simplest proof, that of removing a ring of barn, which causes the arrest 
of aevelopment of wood below the ring, is borne out by all variations 
of it. Ringing fruit-trees in this way causes a temporary increase of 
product of fruit above the wound, from the accumulation of the ela- 
borated matter there. The formation of tubers in the Potato and similar 
plants is prevented by intemipting the continuity of the cortical layers ; 
and when bark is removed in patches, and the surface becomes gradufilly 
grown over by new wood, the greater part of the new growth conies from 
the upperside. 

It IS Mulder’s vifew, that all the nitrogenous constituents of plants are 
not only absorbed by the roots, but assimilated there at once, and that 
carbon is fixed in the green organs — ^then, that a continual interchange 
goes on from above and below, the roots supplying protoplasmic matters 
\ (§ 597) which originate all organic phenomena, while the leas es send 
1 down the ternary compounds (C 11 0) which afford the mateiial for cell- 
i membrane, starch, &c. This author attributes the distribution to simple 
i endosmose ; but this does not account for the passage of crude sap through 
the alburnum and of elaborated nutriment through the inner bark. Other 
authors consider that organic substances (carbo-hydrates, albuminoids, &c. ) 
are formed in the leaves ; in such a case a descent of the sap must of 
necessity occur. 

774. Sachs states that the elaborated sap in the cellular tissue is 
different from that in the vascular ; the parenchymatous tissues 
have,’’ says he, an acid sap, containing sugar, starch, oil, vege- 
table acids,” &c. The vascular and prosenchymatous tissues, in- 
cluding the ‘‘ vasa propria” and clathrate cells (§§ 585, 624), liave 
an alkaline sap. The sap passing through these tissues is of an 
alburainaus nature. Other physiologists, however, doubt whether 
any such sharply defined dual nature of the elaborated sap exists, 
though admitting the large share which the vasa propria fill in the 
descent of the elaborated juices. 

775, We may conclude tliis portion of the subject by repeating 
that the nutrient fluids in plants follow certain directions, according 
to the structure and arrangement of the tissues, the locality of the 
sources of nutriment and of growth or other action ; and as regards 
the elaborated fluid the movement nnay be, 1, from the place of 
formation to that of consumption, or, 2, to the store-cells or reser- 
voirs, Or, 3, fisom these latter to the place of consumption. The 
ascending, descending, or horizontal direction of the cinjrent is 
therefore a secondary nnatter. 

To illustrate the movement and transference of nutriefit matters, allusion 
tnav here be made to the researches of M. A. Gris on theii^roduction and 
utilization of Starch &c. This observer finds that in winter-time the 
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inedullary rays, wood, and pith are all filled with starch -grains. These 
diminish in spring, but are afterwards replaced during the summer. lie 
concludes from this that there are two special movements of the nutrient 
substances, as illustrated by their formation in summer and their absorp- 
tion ill the following spring. 


Sect. 5. Elaboration of the Food. 

776. When green plants are placed in water containing dissolved 
carbonic acid, and exposed to sunlight, they give off oxygen gas. 

This may be readily observed in Vallianeria and other submerged green 
plants grown in glass jars, a. continuous stream of bubbles escaping from 
the plants when standing in the sunshine. The frothy masses of Con- 
fer^'je, borne up to th(} surface of freshwater pools in sunny weather, by 
the entangled bubbles of oxygen, afford another common instanoe. 

The absorption of carbonic acid, and the elimination of oxygen in the 
case of aquatic plants, and also in that of leathery leaves as in the Cherry 
Laurel, where there are comparatively few stomata, take place on the 
upper surface only. 

777. Whore no carbonic acid exists, as in boiled or distilled water, 
no oxygen is liberated. Leafy shoots remaining attached to trees, 
but enclosed in close glass globes, increase the percentage of oxygen 
in the globes when exposed to daylight ; and cut shoots with the 
lower ends placed in water containing carbonic acid in solution, give off 
more oxygen than if the lower ends dipjied in water devoid of acid. 

The oxygen exhaled by leaves &c. is formed at tlje moment of its 
liberation ; for Conferva', which have no air-passages, and other plants 
which have had tlieir air-passages exhausted by the air-pump, give 
off oxygen under the above circumstances. Fragments of leaves 
perform the same function so long as their organization is uninjured, 
while the destruction of the cells by pressure &c. stops the action. 
The epidermal cells (§ 636) exhale no oxygen. 

The unlike influence of the different rays of the spectrum is yen’ re- 
markable. According to Draper, whose observations have been confirmed 
by numerous observers, sunlight acts in proportion to its illuminating 
power in the deoxidating process; Avhich appears to be just the reverse 
of what occurs in the reducing action of light upon silver. The yellow 
rays, are almost as powerful as white light : wdiile the more refrangible 
rays, blue, violet, &o.. have little or no effect on the emission of oxygen, 
thougli it is probable the}^ may exert great infiiience on the chemical 
transformations wdiich follow that process. In green light the leaves 
emit carbonic-acid gas, as in darkniiss. Diffused light is rich in the niore 
refrangible rays, and hence caiisas a scanty emission of oxvgen. Prillieux, 
however, asserts that the amount of oxygen emitted by light of different 
colours is in direct proportion to their illuminating-power, and that the 
effect of the yellow ana red rays in causing the disengagement of oxygen 
is due to their luminous intensity. A corresponding fact has been noticed 
with regard to the evaporation of water, so that the two phenomena 
would appear to be in some Avay connected. 
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778. The quantity of oxr^ron ^iven off bears a definite proportion 
to the carbonic acid absorbed by a plant; but excess of carbonic acid 
becomes obnoxious to health. , 

* 779. It would appear that nitrogen also given off by plants ex- 
posed to sunlight. Draper observed considerable quantities exhaled ; 
and Cloez and Gratiolet noticed more than was attributable to air 
accidentally present in the intercellular passages. 

Boussingault assorts that in the case of marsh plants a small proportion 
of carbonic oxide is exhaled by the green parts of plants, but probably not 
under normal conditions. 

780. When the influence of the sun is withheld from green plants, 
they cease to give off oxygen ; carbonic acid is now not absorbed but 
exhaled, oxygen being absorbed from the surrounding medium. 

Some *en tire plants (Fungi and parasites) and certain parts of most 
others (roots^ flowers, germinating seeds, &c.) absorb oxygen at all 
times and exhale carbonic acid. 

The carbonic acid given off from the interior of stems, toots, &c. 
by day is probably reabsorbed and decomposed in the green parts 
before it arrives at the surface of the leaves. 

According to De Saussure, if a plant is kept in a perfectly closed jar 
containing a measured quantity of atmospheric air, for several days and 
nights (an equal number of each), no change is found in the volume or com- 

osition of the ^ir ; the plant has exhaled oxygtm by day and absorbed it 

y night, and exhaled carbonic acid by night and decomposed it by day, 
in equal proportion. But if this plant is watered with solution of car- 
bofaic acid, or this gas is added to the air, the quantity of oxygen in the 
air becomes increased. Under ordinary circumstances the leaves decom- 
pose by day much more carbonic acid than they exhale by night. The 
disengagement of oxygen has been observ^ed in some aquatic plants to go 
on in the dark for soine hours after exposure to the sun. The sun’s liglit 
is thus stored away in the plant and rendered available in some form or 
other when wanted. 

781. If plants are placed under such circumstances that they cannot 
decompose carbonic acid and exhale oxygen (by excluding light from 
them), they never acquire proper development; no green colour 
appears (they are etiolated), little or no woody matter is formed in 
the walls of the cells, and the whole energy is consumed in pushing 
out weak watery shoots ; scarcely any of the peculiar resinous, milky, 
or other secretions is produced ; and plants can only subsist under 
these circumstances when supplied wifh organic nutriment. 

We see this when shoots are developed from Potato-tubers in the dark, 
in the cultivation of Celery and 6ther blanched plants, &c. 

782. A moderate addition of carbonic acia to the food of a plant, 
with free access of lighfand air, is mostly accompanied by acceleration 
.of the nutrient processes and a more abundant liberittion of oxygen. 

Many green plants will flourish in sunlight on water and carbonic acid 



ELABORATION OF THE FOOD. 


673 


alone. ^ Saussure found that the organic matter of plants increased in the 
proportion of 2 to 1 of the carbon contain( 3 d in the carbonic acid; the 
elements of w«ator being combined with the carbon. 

783. When plants arc placed in pure nitrogen gas, or in vacuo, all 
the functions of vegetation arc arrested ; not only do the chemical 
actions above noticed cease, but irritability, like that of the Sensitive- 
plants A-c., is lost, and the plant decays. Even shoots separately 
emdosed suffer in the same way. The death occurs especially early 
when the plant is kept in the dark. 

This accounts in some degree for the injury resulting from roots grow- 
ing down too deeply into thtj ground, as is often observed with fruit-trees. 

TS4. It appears therefore that there are two opposed sets of . 
opc'rations in which plants have close and important relations to the 
atnios])herG. In the one, occurring Avhen they are exposed to the 
sun’s light, carbon is fixed, which must 1)0 regarded as a process of 
assimilati o n. In the other, going on alwajs in the dark, and during 
the in many paiis of plants, oxygen is absorbed and carbonic 
acid is exhaled, as in the animals. The former process | 

is absolutely lU'cessary for the production of new ternary compounds I 
(CIIO), but the latter appears absolutely rerpusite for the main- 
ten ance of the life of the plant. 

The passages of gases, of what(3ver nature and in whichever direction, is 
depfuident on the laws of di (fusion ; the cutidc of the leaf in these cases 
acts as a dialyzor or filter, checking evaporation, but permitting the pas- 
sage of gases. 

785. The assimilative process, in which oxygon is liberated, ac- 
comi)anied by accumulation of carbon in the tissues, is evidently 
related to the formation of the remarkable series of neutral ternary 
compounds which constitute the great bulk of the substance of 
plants, and, further, to the production of the more obscure and far 
more comjdex and varied scries of substances formed by a further 
removal of oxygcii from the compounds of the first class. 

Tlie composition of tlio principal constituents of cellular tissues, and 
tht' substances found in the watery cell-sap, is generally such that they 
may be regarded as consisting of carbon plus the elements of water ; but 
it is by no means to be regarded as settled that they are secondary com- 
poinuls formed by the union of water with carbon. 

The formation of crystalline acids, such as oxalic acid See., is theoretically 
accounted for by a process of deoxidation. A further deoxidation of 
carbonic-acid gas and water would result in the formation of the different 
carbo-hytlrates, cellulose, starch, sugar, 4:c. A stiU greater loss of oxygen 
would account for the formation of vegetable fats &c. : thus from six 
equivalents of. carbonic acid and five of water we jnay suppose starch, 
C,., tl.ni Oc, to be formed and 12 atoms of oxvgen set free, 

' 6C02+5H20 = C„,H,o,6,+120. 

786. The formation of the neutral ternary compounds being con- 

2 c 5 
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stantly in relation to the absorption of ^arbonic acid (CO®) and the 
passage of water (H^O) through the tissues, with the exhalation of 
oxYf^en^ it bns been assumed that assimilation of ggrbon in the green 
parts of plants is the result of decomposition of carbonic acid and of 
the combination of the carbon with water. As Liebig, howerer, indi- 
cated, water is far more easily decomposed than carbonic acid, and 
perhaps the oxygen may be derived from that, its hydrogen uniting 
with carbonic acid. 

There is no evidence to show which view is correct. In the next 
place, Draper regards the decomposition of carbonic acid as a process 
resulting from contact-action or fermentation excited by the nitro- 
genous protoplasm, accompanied by a waste of the latter, in which 
nitrogen is liberated. Mulder, on the other hand, believes that the 
carbonic acid enters into combination with some substance existing 
in the protoplasm, and that the oxygen is set free by the decompo- 
sition of this compound ; for example, that chlorophyll is produced 
continually in sunshine, the wax associated with this being formed 
from starch, accompanied by a separation of oxygen, that this oxy- 
gen partly escapes and partly oxidizes the chlorophyll substance, 
and causes it to become green. 

Of these views, Draper’s appears the most worthy of credit, as 
agreeing best with the phenomena observed in the cell-contents. 
Chlorophyll does not originate from starch, but usually vice versa : 
and it is quite admissible to assume a deoxidating contact -act ion of 
the protoplasm under the influence of light, when we observe a 
distinct oxidizing contact-action of the same part of the cell-cont(aits* 
in the dark, as in the decomposition produced by the growth of the 
Yeast-plant (§ 740). 

787. As to the nitrogenous constituents of plants, we know little 
at present beyond the fact that they originally exist in the form of 
protoplasiftic substance, which, according to Mulder, consists of modi- 
fications of the substance called proteinc, known as vegetable albu- 
men, fibrine, caseine, &c. They constitute the substance of the 
primordial utricle (§ 596), the chief agent in development, and the 
protoplasm (§ 597), on which chiefly depend, in all probability, the 
vital and chemical activity, of the ccU-contents. These have the 
power of decomposing organic compounds by contact-action, and per- 
haps of causing new organic combinations. How they originate 
themselves is unknown; but it appears most probable that their 
source is either ammonia in combination vrith organic substances, or 
in some cases nitrates ; and it*^^ most probable that there is ground 
for Mulder’s opinion that all actively vegetating cells (containing 
protoplasm) are capable of directly assimilating organic matters to 
some extent, whether exposed to light or not (§ 741 ji. 

This seems borne out by the universal presence of these nitrogenous 
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compounds in actively vegetating cells, in roots, parts of the flower, in 
cambium, &c., as well as in green organs. That the crude sap (§ 771) is 
found to contain uncombined ammoniacal salts high up in the stem in 
spring may result from the activity of the currents of fluid allowing part 
of them to flow on undocomposed, while a part only is a.<similated in the 
roots. 

Proteinaceous matters, it may now be stated with some confidence, 
originate in the colourless protoplasm from the decomposition of sugar 
and ammonia salts in the same manner ns starch is formed in the chloro- 
phyll under the influence of light. Pasteur induced the formation of 
protoplasm in yeast-cells by supplying them with a saccharine solution 
and a nitrate or ammonia salt. 

Our space compels us to restrict this Section within narrow limits, and 
we are obliged to omit any special reference to the application of these 
g(;neralizations to the explanation of the facts of Agriculture *. The whole 
cpiestion is in a statci of transition : much progress has been made in ac- 
cumulating facts, but few points have been absolutely ascertained. The 
student is recommended to study works on physics and organic chemistry. 
Vegetable physiology is daily becoming more and more a subject for the 
physicist and chemist; and without a knowledge of the subjects treated of 
t)y students of those sciences, progress in vegetable physiology is impossible. 

Sect. 6. Df.velopment and Secretion. 

7S8. At the commencement of the periods of activity of plants, as 
when they shoot up from seeds, or when the new shoots are pushed 
out in s])ring, the whole product of the elaborating processes is 
devoted to the formation of new structure, to development. As the 
season {ulvances the cell-forming activity slackens, the permanent 
tissues hec^ome consolidated by the formation of secondary deposits, 
and the parenchymatous tissues appear loaded with accumulated 
products of assimilation, such as chlorophyll, starch-granules, &c., 
which in annual plants are subsequently consumed in the matura- 
tion of the seeds, and in perennials are gathered together in autumn 
and stored up in those tissues which are to cariy- on the development 
in the succeeding season, 

780. The phenomena of development have been sufficiently dwelt 
upon incidentally in preceding Sections (§§ 602-700 &c.) ; but we 
have still to speak of certain processes, occurring more or less ex- 
tensively in plants, contemporaneously with development, in which 
products are formed which are not, like starch, chlorophyll, &e., 
evidently transitory forms of assimilated substance. These sub- 
stances, called by the general name of secretions, are of most varied 
Icin Js, and their relation to the economy of vegetable life is stiU very 
obscure ; but a brief notice of the most striking of tj;iem is indis- 
pensable. ^ 

* The student will find a useful summary of chemical science applied to 
agriculture in a little work called ‘ How Crops grow ^ (MacMillan). 
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A distinction is sometimes made between the peculiar productt foimd 
in the interior of ctdls, and those which are accumulated in certain cases 
in intercellular passages or cavities, or upon the outer surface of cell- 
membranes, the former being called secretions and the latter excretions. 

790. The principal substances secreted by plants are air, water, 
gum, sugar, volatile oils, balsams, resins, gum-resins, and salts, 
either entirely inorganic, or formed of combinations of mineral bases 
with organic acids &c. ; besides these there occur in individual 
Orders a multitude of alkaloids, neutral substances of various kinds, 

lou ring-principles, &e. 

791 . The liberation of gases in intercellular passages, ca\'ities, &c. 
(§641) occurs both as a necessary accompaniment to the chemical 
decompositions going on in the cells, and as a special process con- 
nected with peculiar habit of plants &c., as in the (JfricnlnricB 
(§ 470), in the air-sacs of Fucits vesienhsus, The corn position of 
the air found in the cavities of plants necessarily depends upon the 
extenial conditions, as under sunlight there is generally a greater 
proportion of oxygen than exists in common air, in the dark but 
excess of carbonic acid. 

792. Water is given off in a liquid form by various plants, either 
from glandular pa])illa), or from the general surface of leaves &c. 
In Nepenthes distUhtoria, Sornurnia, &c. water is secreted in the 
pitchers (§ 101) wherein it accumulates. The leaves of various ^Vlu- 
sacete, Aracem, Grasses and other ^^lonocotyhidons, TropceoJnin, /ni- 
patiens, Brassiea oleracea, &c. give off drops of water from the leiives. 
In Valadmm there exist orifices at the points of the IcNaves, comuiu- 
ni eating with internal canals, whence great quantities of water flow 
(half a pint in one night). This water is of course contaminated 
with salts and small quantities of soluble organic matters. 

793. Gum is usually poured out into and accumulated in inter- 
cellular pa’fesages, as in the Cycadaccm, in the bark of the Acacias, 
Cherry, &c. Wlien it is fonned in large quantities, it Inirsts the 
tissues and exudes in the form of tears. The formation of the gum 
Tragacanth in the species of Adragahis is different from this, con- 
sisting of collenchymatous thickening of the cells of the pith and 
medullary rays, w}ii(*h swell by absorption of water, and burst out 
from the stem under certain circumstances. The peculiar organs 
called cystoliihes 612) have a gummy excretion as a basis, in tho 
form of a clavate body, suspended in the interior of an enlarged cell 
MJr a cellulose^ pedicle ; when mature these bodies are covered with 
crystals of carbonate of lime ; Hhoy are especially common in Urti- 
cacese, as in ^iciis elasticciy J/onw?, Broussonetift, 6ic. 

794. Sugar, commonly occurring as one of the soluble forms of tho 
assimilated ternary substances, is occasionally excreted, especially 
from the parts of flowers, such as the so-caUed nectaries. Through 
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ovaporalion of water the sugar sometimes appears in a crystalline 
form. 

Sugar occurs commonly in the corolla-tubes of monopotalous flowers 
(Tjihic on the nectariferous coronet of various plants, on the glands 
of p<*tals like those of HammcuhiSy Paniamuj &c., or in pits in the same 
situation, as in sonu^ Liliacem. On the leaves of various species of Acacia 
occur glands secrtHing sugar; and the same is the case in species of 
Ckradmilronj Ijaur list inns, the lower J^^irface of young leaves of Primus 
Latt rover (fsus, &c. \hirious species of Ash {Fi'axinus) and Tamarix excrete 
a groat (|uantity of saccharine substance under the form of manna. 

The wounds inflicted by insects {Aphis) also cause excretion of sugar 
Ivoiu leaves, forming hoiie 3 "-dew.’^ 

7 1)5. The volatile oils arc extremely numerous. They are ordi- 
nai’ily sccTotcd in glands (§ 045), either external or internal, situated 
on the herbaceous jiarts of plants. They are rarelj' pure substances, 
the essential oils usually’ containing dissolved resinous matters, cam- 
])hor, or active principles of various kinds. The odours of plants and 
nuiny of tlnnr most important (pialities dcpmid upon these secre- 
tions, which are gcnerall}" peculiar to particular genera or Orders of 
plants, and not unfre(iuently difler in slight degrees, so as to be 
eharacteiT'fic of particular species in an Order. The chemi.stry of 
the formation of these bodies is still very obscure. Some arc hydro- 
carbons ; others contain ox^^gem in addition ; and sulphur plaj^s an im- 
portant part in man}’, esjieeiall}’ in the Orucifene. The only general 
statement which can be made is, that the nnijonty of the essential 
oils contain less oxygen in pro])ortion to carbon and hydrogen than 
the dextrine and the other neutral ternary compounds, and that their 
production stands in a certain relation to the access of sunlight to 
the plants. 

The Lahintm with their external epidermal glands, the TJ[\^pericace 0 e 
and Aurantiaceui with their iiiteriial glands, the Vmhellifcim with the 
oleiferousvittm in the fruit, tlu^ Tereluuthaccie, llutacese, &c. are striking 
instances of the occurrence of essential oils in particular Ordem. 

700. Uesins, solid or fluid (balsams), are very varied. They occur 
chiefly in interci^lular ])assages, or in groups of cells especially de- 
voted to the secretion of these products. Very little is known of 
the processes of their formation ; but the same generalities apply to 
them as to the essential oils with which they are not unfrcquently 
associated. 

Among the resin-producing Orders nfay he noticed especially the Coni- 
ferm, the Tjegiiminosm (Copaifera^ Myroxiflon, »S:c.), Amyridaceie, Gutti- 
foraj, Styracem, Terebinthacese, Liliacese {Alocj Xanthorrhea), &c. 

797. Resinous and waxy matters are foiuid in considerable abun- 
dance on the surface of the loaves or fruits of many plants. It is not 
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clear at present how far these are to be regarded as proper excre- 
tions or as chemically metamophosed epidermal structures. 

Under this head falls the waxy coat of leaves and fruits which exhibit 
what is called a bloom/’ as the leaves of Primulace® (7^ Auricula^ 
&c.), JMesembr^^antliaceiB, the fruits of the Plum, Myricace®, &c. The 
wax of the Wax Palm {Ceroxylmi) is formed in Hakes upon the surface of 
the stem. 

798. Wax and resinous matters occur on the outer coat of the 
polleu of flowers ; and the viscid surface presented by the epidermis 
of many plants, such as Lychnis Viscaria, some Silenes^ &c., is attri- 
butable to similar causes. 

799. The so-called milky juices (latex) occurring in specially 
modified intercellular passages (§ 649) are of complex composition, 
containing essential oils, resins, gum -resins, starch-grains, extractive 
matters, alkaloids, proteinaceous compomids, &c. suspended in water, 
forming a kind of emulsion. They are not opaque and milky in tlu'ir 
natural state, but become so when exposed to air, and mostly assume 
a transparent resinous character when their watery constituents 
evaporate. 

Very different opinions have been expressed as to the nature of 
latex and the vessels containing it (§ 649). By some it has been 
considered a nutritive fluid analogous to arterial blood, by others 
as of purely excrementitious nature. A third notion is founded on 
the comparison of the fluid in question with venous blood. Probably 
that view by which it is regarded as a fluid containing, mixed with 
matters of a directly nutritive character, others which are excremen- 
titious in their nature (Sachs, Hanstein) is the most correct. Treeul 
holds that the laticifcrous vessels arc the analogues of the veins, and 
their contents equivalent to venous blood. He traces a contact and 
inosculation of the laticiferous vessels with the pitted ducts and 
other vess^s. Latex from this point of view' would be the residue of 
the sap after elaboration by the cells — the cnpiit mortnum of the sap. 

These juices abound especially in particular Orders, as in the Papa- 
verace®, Euphorbiaccie, roots of t -ichorace®, Apocynace®, Urticace®, kc. 
Amongst the most important substances obtained by evaporating them to 
dryness are: — from Papaver soinniferumj and caontehouc iroiw various 
Euphorbiace®, Urticace®, and Apocynacere ; yiitta percha from Ismandm 
ytUta, &c. 

• t 

800. The saline and purely mineral excretions of plants have been 

already referred to. They occur as incnistatibns of the cell-mem- 
branes, as silica in the Grasses, Equisetace®, StcUat®, &c., or car- 
bonate of lime in Charce, CoralJinem, and in smaller quantities on tlic 
leaves of various Saxifrages. Crystals {raphides, § ), either of in- 

oi^anic salts, or compounds of organic acids with lime &c., arc fre- 
quently met with in the cellular tissues; but very little is known at 
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present of the nature of their relations to the chemical processes of 
vegetation. 

The close relation of the vegetable organic acids, oxalic, malic, citric, 
&c., to carbonic acid, water, and the ternary assimilated substances has 
already been alluded to. 

Tannic acid or tannin, ^22 ^ very frequent constituent of the 

woody tissues when their vital activity has ceased, and is perhaps a pro- 
duct of dec.omposition. 0{ik, Sumach, Coriaria^ Acacta Catechu^ &c. 
owe their tanning-properties to this substance, which occurs more or less 
abundantly in all old structures of ligneous plants. 


CHAPTER V. 

PEPRODUOTION OF PLANTS. 

Sect. 1. Vegetative ^NfrLTirLicATioN. 

801. It is a remarkable characteristic of the Vegetable Kingdom, 
shared, indeed, by some of the lower animals, such^as Sponges, Polypes, 
&c., that tiieir organizing forces are diffused throughout their struc- 
tures whence results not only great repetition of similar and, to a 
certain extent, independent parts in the same plant, but a capability 
in those j)arts of surviving when separated from, the parent stock, 
and becoming the foundations of new plants. Through this condition 
of the organization arises the possibility of n 'imditpUcaiion of indi- 
vidual plants by simple subdivision of the vegetative structure of 
a single s])ecimcn — a process which is not only universal through- 
out the Vegetable Kingdom, hut in' many cases is so frequently 
and abundaiitly manifested as to throw the proper by 

seeds or spores into thoi background. 

As will h(^ seen heivafter, the spores of some Families are really formed 
by a kind of vegetative multiplication intermediate between the proper 
reproductive process and the development of the new plants ; but it will 
be more convenient to exaniiiKi those cases in connexion with the forma- 
tion of spores and seeds generally, and to confine our attention here to 
what are distinctly and evidently bud-structures. 

S02. The modes of vegetative multiplication of plants nccessaril}* 
depend essentially on the organizatiou of the species ; accordingly as 
the vegetative structures present mo^e or less complexity, so arc the 
“ buds more or less developed at the period when they are detached 
from the parent. 

803. In th (4 ThaUophyta, where the entire organization is cellular, 
and no leaf-structures exist, the buds or gewmer arc cellular str|p- 
tures, more or less complex, according to the condition of the parent 
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thallus. AVc have examples of the simplest kind of multiplication in 
the lower Algae, such as PaJmellem (§§ 544, 549), Desmkliece (§ 550), 
&c., where the plants are continually undergoing propagation by divi- 
sion of the constituent cells. In these cases such multiplication ap- 
pears to represent the vegetative growth of higher forms, and a true 
reproduction, with formation of s])ores, recurs periodically to internipt 
the simple cell- division, in a manner analogous to the recurrence of 
tlowering, after a certain extent of vegetative growth, in the higher 
plants. 

In the Fungi many kinds are abundantly propagated by connJIa, 
or simple cells detached from the mycelium, as is the case in the 
growth of Yeast (fig. 408), in the propagation of the Vine-fimgus, 
&c. ; and in all probability the Fungi generally may be increased 
by artificial division of the thallus, as wc see it ])ractised in pro- 
pagating the ^Mushroom, the Yinegar-plant, Ac. In the Lichens 
there is a proper structure to which the vegetative multiplication is 
confined, viz. tho the green cells formed in the mcduUaiy 

layer of the thallus, which frecpiently break out from the surface and 
become free, especially when the plants are exposed to excessive 
damp. In the Alga3l^he vegetative multiplication exhibits very varied 
characters. In the Ooiifervoids (p. 430) we have the zoospores 
(fig. 405, C, d, and fig. 535), as also in the Phacosporem : and the 
Utmspor^s of the llliodosperinea?*and Bictyotaceo) probably have the 
same import ; tvit in addition to tliis, the thallus is commonly 
multiplied, (‘specially in the larger forms, by the growth of a number 
of new thalli from the sides or the base of an old plant, and their 
subsequent separation by the decay of the parent thallus. 

In the fihovo cases wo see tlio doiibh' representation of the vegetative 
process which occurs in so marked a manner in the higher plants. We 
nave increase by simple and pure subdivision of ordinary vegetative 
structures, and, besides this, wc sec varied mod ili cations of the vegetative 
cells specially organized to fit them for being tlirown off spontant.'ousl}^ 
(gonidia &c.}. 

8(>4. In the Hepaticoc and Mosses the propagative structures do 
not arrive at the condition of huds^ although tho parent plants 
have leafy stems. The gemmer of these Classtjs are merely cellular 
nodules, more or less developed in different cases, and only acquire 
leaves after they have hccomo independent. In tho Jungonnan- 
niacem they arc developed on the leaves, or in place of fruits. In 
Marchantiacem they are found in cup-like receptacles, being espe- 
cially frequent when the plants grow in damp, shaded localities, 
number of them (springing originally from a single cell) lying in 
the cup like eggs in a nest. 

irhe Mosses produce gemm-cn from all parts of their stnicturos — 
from their leaves, stems, metamorphosed fruit-organs, and, above 
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all, from thread-like runners which shoot out from the base of their 
stems. When their spores germinate, they also form first a mesh 
of confcrvoid filaments, each joint of which often gives birth to a 
leaf-bud (fig. 544). 

805. The Eerns and allied Classes agree more closely with the 
Flowering plants in their vegetative propagation, forming leaf-buds 
in cases wIktc they increase in this way ; but there is a connexion 
witli the Mosses &c. in the circumstance that iYioiT (jemmm appear 
more fre(j[ueutly on the leaves than is the case normally in the 
Phanerogamia — as, for example, in Ai^phnium rhizophyllum, where 
th(^ leaves root and form buds at their tips, Cyatopteris halhifera, in 
which bulbils appear on the petiole, &e. 

8Ufj. In the Phanerogamia the rule is, that every leaf-bud may be 
separated from the parent stock, and, if properly treated, reared into 
a new plant ; moreover, in a vast number of cases, the hutf-buds are 
naturally modified in certain details of their structure, so as to pro- 
tect them from external injury, and then thrown off spontaneously 
by the panaits to multi] )ly the kind. Many of the cases of this 
phenomenon have been described in the first part of this work under 
the head of Morphology of Stems (§ 46 et seq,) and Ihids (§ 106 et 
seq,), Wc have there spoken also of the formation of adventitious 
huds (§ 109), and cited numcrolis examples, strongly indicating that 
relative independence of the parts of the organization of plants 
referred to above. ^ 

807. Adventitious buds are formed, mostly when a plant or part 
of a plant loaded with assimilated nourishment is deprived of its 
njitural develoi)ing-points. Thus we see abundant formation of adven- 
titious buds on healthy trunks of trees which have hcan pollarded , 
i. e. have had their heads cut down so as to remove almost all their 
natural buds. The abundant supply of food existing in the tnink 
stimulates the cells of the cambiitm-reyion (§ 66G) into extraordinary 
development, and true leaf-buds are produced, which form vents for 
the vital energy of the plant. This power exists even in the roots 
of many trees, as in Ma(dura aurantiaea, Pyrus japonica^ (S:c., frag- 
ments of which ill a healthy condition may be made to produce new 
plants. 

Mention has been made of the formation of adventitious buds on 
leaves (§ 109), which has bpen observed frequently in wild plants, 
and is artificially induced in many cases as a means of propaga- 
tion. As a rule, leaves are less prone to produce buds than stems 
or even roots, as might be expected ^*om the more actively changing 
state of the contents of their tissues, and the usual absence of any 
great accumul|ition of assimilated substance, such as is regularly met 
with at certain periods in the stem and root. ^ 

That striking characteristic of vegetables which displays itself m 
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the physiological independence of the leaf-buds, renders the vege- 
tative propagation of plants a most important feature in their history, 
both in a natural and, in a still higher degree, in a cultivated con- 
dition. 

A brief notice of some striking phenomena illustrative of the spon- 
..jj^n^jflUjygropagation of the higher plants may be given here. 

Various herbaceous plants are multiplied by spontaneously detached 
axillary leaf-buds ; of this wo have funiliar examples in Lilimn lmlhiferum, 
Dmtaria hdhiferay and the cultivated species of Achimenes. Similar pro- 
pagative buds are often produced instead of flowers in the inflorescence 
of the species oi Allium (Garlic &c.), both in a wild and cultivated con- 
dition ; and the same is the case with some other plants, such as 7V////e- 
7ium inviparum &c. 

The multiplication of bulbs by " cloves,^' or axillary bulbs produced in 
the axils of the scales of the parent bulbs, has been described in a former 
chapter (§ 47) ; and there also have been uientioneHl the structures calh‘d 
tubers, formed of modified stems, which are important agents in propaga- 
ting the plants in which they occur. The Potato, for instance, forms 
tubers from its branches, the “ eyes ” or buds of which may be scparat(‘d 
and made to produce each a new plant ; and the Jerusalem Artichoke, 
Dahlia, v'fcc. are similar in this respect. The terrestrial ( )rchids, such as 
Orchis 3Iorio ( fig. 20) Scc.y are not fuultiplied by their tuln^rs, but only 
emfinued from year to year, since only one new eye” is formed annually. 
^\Stilt more frequent,* perhaps, than rite formation of bulbils, bulbs, or 
fiibers, is the development of leafy shoots peculiarly organized for the 
purpose of propagating the plant which bears them, commonly compre- 
nended umier the* names of offsets, stolons, runners, See. Almost every 
gradation of condition occurs here, between the divisible rhizomes of 
such plants as the Daisy, Primrose, &c., the runners ’’ of the Strawberry, 
Vallisneria, Ifydrocharisj Scc.j the offsets of I louse-leeks, >StrtUio(es^ and 
the rosette-like stolons of Epilohiaj &c., which approach to the axillary 
bulbils of Achimenes^ and connect all these forms with the subterrant*ous 
bulbs, conns, and tubers. 

808. The artificial propagation of plants by division is effected by 
a variety of processes founded on the same physiological laws as 
the natural multiplication by detached buds &c. ; it also includes a 
peculiar class of operations, in which the new plants are not con- 
verted into absolutely independent stocks, but arc made to assume a 
pseudo-parasitical habit upon other plants, whose roots furnish them 
with that portion of their nourishment which is derived from the soil. 

In the simple propagation, advantage is taken of the vital activity 
of the cambium-region to stimulate it to the production of roots, in 
the gardening processes of propjigatioa by slips or ctiUlmps, layers, &c. 
In the production of pseudo-parasites, as in budding and grafting, 
the woody structures of two distinct plants arc made to become in- 
timately blended by bringing into immediate contact, the cambium- 
structures of both,-at i)oints where the cellular tissue is in an active 
state of development. 
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809. Cuttings or sUpa arc ordinarily fijgmcnts of stems consisting 
of young wood, bearing one or more Iws. These are planted in 
earth, and in some cases require no cspelial care to make them pro- 
duce adventitious roots from the cambium-region, as in slips of 
Willows, and many common soft- wooded plants, ifostly, however, 
it is necessary to stimulate the vegetative action by a slight degree 
of artificial heat, — in all cases, however, guarding against drought ; 
so that, as a general rule, cuttings are made to strike’^ root best in 
an atmosphere wliere the watery vapour is confined b v a glass cover- 
ing. It is a matter of indifference whether a cutting having a 
number of eyes ” or buds is planted with the head upward or with 
the summit buried in the soil, and the lower part left free. In the 
latter case, the ordinary direction of growth of aU the new shoots 
becomes reversed. 

It has been stated abov<», that by careful management plants ^may be 
raised from cuttings of roots, and even from leaves (§§ 109, 807) made 
to produce adventitious buds by artificial stimulus. 

810. Layers only difter from cuttings in the circumstance that 
the fragments to be detached are made to strike root before they are 
sei)arated from the parent stock, — usually by bending doTO the 
branches and burying tlnun in a portion of their course in the soil ; 
an incision is usually made into the wood in the buried portion, 
which causes the more ready production of adventitious roots. An 
analogous operation is sometimes practised, in which a shoot is caused 
to root high above ground, by surrounding one*, or more of its nodes 
with a mass of cartli kept moist by wet bandages or other means. 

The artificial process of laying, practised commonly with Pinks, Ver- 
benas, Ancnhn, •S:c.,is analogous to the natural propagation of the Straw- 
beny by ninners. « * 

811. In all the cases comprehended in the above remarks, the 
adventitious roots are formed most readily in the vicinity of buds, 
at the nodes, just as we see them naturally occurring chiefly in those 
situations in cr(?eping plants, such as the 8aud-8edgc (fig. 24), Mint, 
many Grasses, &c., which root at every joint that comes into contact 
with moist soil, or in the climbing Ivy, in which the adventitious 
roots forming its organs of attachment to foreign bodies are produced 
ill tufts a little below the leaves, 

812. In the operations of* budding and grafting, the parts of the 
parent plant arc not made to form roots for themselves, so as to be- 
come altogether independent plants„hut are caused to assume a kind 
of parasitical condition, in which they stand in the same relation to 
a strange “ stock ” as they would have held to their parent if left in 
their natural ^condition. The detached bud or shoot is made to con- 
tract an organic union with the cambium-region of a foreign stem, of 
which it becomes, as it were, branch, deriving its supplies of root- 
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nourishment from it, and subsequently sending down in return elabo- 
rated juices to contribute to the sustenance of its foster-parent. 

It is important to note, however, that in the case of distinct plants 
thus combined, they usually exercise no appreciable influence over 
each other in regard to modifying ihemorpholof^ical characters of each ; 
the connexion merely affects the scion and stock in the degree of 
activity of the general pliysiological processes of nutrition (fee. Scions 
grafted on stocks of more enduring character ac(pare greater vigour 
and fecundity ; but the products of the buds of the scion in the great 
majority of cases resemble in kind those of their parent, while the 
stock continues to grow in its own way. 

The influence of the scion on the st(X*k, whatever it may be, is rendered 
less noticeable in practice from the fact that its buds or branches are always 
removed after the scion has taken,’* in ordt'r to concentrate the sap in the 
latter ; if allowed to develope, the brunches of the stock fornietl below 
the scion mostly remain unaffected by tlie stranger which lias settled 
above them. 

813. A certain amount of physiological influence of the stock 
over the scion is shown to exist by such facts of horticultural ex- 
perience as that the fruit of the Pear is smaller and more highly 
coloured when worked on ’’ the Quince or Medlar than when 
grafted on Pear-stocks, and is earlier when worked on the Moun- 
tain Ash.. It is not clear here whether the alteration is attributable 
to greater or loss vigour of the stocks, or to an influence obstructing 
the return of elaborated sap towards the roots, arising out of differ- 
ence of texture of the wood. On the other hand, the scion has 
been in a few cases observed to affect the slock. It is well known 
that the variety of the Yellow Jasmine with variegated leaves, budded 
on a plant with hcfilthy green leaves, causes the gradual appearance 
of variegation throughout the whole of the foliage of the plant. The 
same phenomenon has been witnessed repeatedly in the case of varie- 
gated kinds of AhiUUon. If a variegated scion of A. Thomsoni he 
placed on a green-leaved stoc^k, the new leaves pushed out from the 
latter become also variegated. If a green scion be placed on a stock 
of the variegated Abutilon, the new leaves of the scion become varie- 
gated. Further, if the variegated scion he removed from the green - 
leaved stock, the latter no longer produces variegated, but only green 
leaves. A still more striking phenomouon is the production of a 
hybrid Laburnum, by grafting Cytisus imrpurms upon the common 
Laburnum. The cases seem wdl authenticated, and will be referred 
to under the head of Hybridation. 

814. Budding consists in attaching*tho bud of one tree upon the 
developing wood of another. For this purpose the brad isj'emovcd 
from its parent with a slip of bark' surrounding it, bearing on its 
inside a porti6n of the cambium-tissue existing at the line of 
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junction of the innermost region of the bark with the youngest wood 
(§ ; i'his is applied upon the surface of a portion of the cambium- 

layer of the stock, exposed by slitting its bark and turning it ^ack 
so as to form a kind of pocket. The slip of bark i^ inserted into 
this, so as to bring the cambium of bud and stock into complete con- 
tact, and the bark of the stock is then carefully bound down over 
tlie wound with bandages of bast, tape, <fec. The organizing force 
resident in the cells of the cambium oi the two portions causes them 
to grow firmly together. 

815. In Grafting, a shoot instead of a bud is attached to the 
stock; and this is commonly effected by cutting off the head of the 
stock (or a branch of sufficient growth) with an oblique surface, or 
with a deep notch offering more than one oblique surface ; the 
bottom of the shoot or graft is pared so as to fit accurately on the 
oblique surfaces, and in this way considerable tracts of the cambium- 
tissue and young wood are brought into contact — their cells, how- 
ever, being partly end to end here, instead of side by side as in 
budding. Union of the growing region takes place exactly as in the 
former case. 

Grafting is usually practised with young w oody structures ; but 
it is also successfully applied to herbaceous plants with careful ma- 
nagement ; and some Grasses evbn admit of being grafted on each 
other, although the operation is generally confined to Dicotyledonous 
plants. 

What is termed Inarchirif/, or grafting by approach,^’ may be compared 
to laying (§810): in this modification of the process, the scion is 
brought into imion with the stock by bending over or otherwise, without 
btMUg detached from its own stem, and the separation is not made until 
the scion has taken ” on its foster-parent &:e. 

SIG. It was at one time imagined that the annual layfjrs of W'ood 
of Dicotyledonous stems grew down absolutely and mechanically from 
the buds, of w^hich they were said to represent the roots. It was 
thought, also, that in the cases of grafts, the scions sent down woody 
structure over the old w^ood of the stock, so as at length to enclose 
it. From the description giVen above of the horizontal development 
of the cambium- layer of Dicotyledons, it wiU be seen that such 
notions are devoid of all ground. Merely fluid matters pass up and 
down in the cambium and bark, and tho only reciprocal influence 
of stock and scion depends on the respective activities of roots and 
foliage. • 

817. The success of grafting depending on the contraction of inti- 
mate union between the cellular structure of the two j)lants, it cannot 
be found surprising that, as a rule, it is only between nearly related 
plants that such union is possiblo. If the size of the elementarj’ 
organs, the rapidity or the extent of their periodical multiplication 
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and eximnsion, <&c. are unequal, it is evident that no permanent 
coherence cah exist : a tissue growing more rapidly would tear itsell' 
away from one less active. As a general rule, the elementaiy tissues 
agree closely in allied species, less closely in genera of the same 
Order, and are veiy diverse in different Orders ; so we find that grafts 
take readily on stocks of their own species, to a considerable extent 
on stocks of allied species, and to some extent on stocks of genera 
belonging to the same Order. It does not appear that genera of 
distinct Orders have ever been gnifted with success. The parasitic 
Mistletoe, however, attaches itself by a natural graft to Oaks, Apples, 
«fec., and even to Coniferie. 

Some as yet unexplained exceptions exist to the inclination to 
union between allied genera. In some cases, also, a temporary 
union is effected, subsequently destroyed by unecpial growth. 

Among the Ilosaceie we see Pears grafted readily on Quinces, with more 
difficulty on Apples, and not at all on Plums or Cherries. * Cherries and 
the Cherry-laurel readily unite. In the ( )h‘acoa> we have the Lilac uniting 
with the Ash, the Olive with PhUhjreu. It is extensively practised also 
with diveiwSe species tis well as varieties of IVwdodendron. The P<*ar may 
be grafted on the Hawthorn ; but the former grows so much bister than 
the latter that the couiniunication between tlie two becomes interrupted 
in a few years at the point of junction. 

818. The practices of grafting and budding are j)rincipally carried 
on, like propagatioii by slips &c., for the multiplication of varieties, 
which are, for the most part, grafted on other varieties, or normal 
specimens of their own species, tliese being far more healtliy and 
permanent than those grafted on allied species. The multiplication 
of esteemed varieties of Hoses, fruit-trees, &c. is chiefly effected by 
this means, the object being to })roduce specimens promising in- 
creased htyrdiiiess Ac., or to obtain size and fertility earlier than 
could occur in a plant raised from a small cutting. 

The Peach i.s worked on the Plum in Britain, bt’cause the latter is a 
native of this climate and is stimulated to growth in spring by a lower 
temperature than the Peach (from Persia) ; it does not succeed well here 
on Almond-stocks. Tlie Pear seems to succeed better on Quince than on 
Pear-stoekfl in loamy soils j and other instances are well known to 
gajxleners. 

In addition to iliesc circumstances, Pears, Apples, and other plants 
which may be easily grafted do not readilv root from cuttings; more- 
over esteemed varieties of Rose &c. are quickly multiplied as ‘^standards 
&c. by budding them on briar-stocks Already of several years’ growth ; 
and, m the case of new seedlings of froit-trees, buds' inserted on full- 
grown stocks are brought to flower and fruit in a few years, while, if left 
to grow up into trees alone, twenty years or more mig^t elapse before 
they bore a crop. 

Certain phenomena of grafting which are obsen^ed in practice cannot 
be fully explained by our present knowledge, but doubtless depend on 
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cuuses similar to those just adverted to; among these are the facts that the 
Orange succeeds better on a Lemon stock than on one of its own species, 
while the Apricot does better on its own species than on the Plum, &c. 

The influence of the pliysiological conditions of the stock upon the 
scion is turned to account 6y gardeners in producing a dwarfer “habit ** 
and an earlier and more profuse production of fruit. Thus Apples grafted 
on the low-growing “ Paradise stock ” assume the dwarf habit of the stock 
and become more prolific. So Pears on the Quince-stock not only are 
dwarfed in size but produce fruit much more abundantly than when 
grown on their own roots or grafted on another kind of P^ar. Gardeners 
often practise “ ennobling ’’ fruit-trees, where buds and grafts are attached 
upon stocks of good varieties of the plant in preference to wild stocks. 
TioiM Apples are said to be much superior when grafted on stocks of good 
varieties instt^ad of on Crabs 4&c. ; and a kind of “ crossing ” of the qualities 
of varieties has been attempted on this principle, grafting kinds which 
bear sickly-flavoured Apples upon stocks of rougher varieties. Jargonelle 
aiul ‘‘ mellow” Pears upon later, gritty varieties, See, “Double grafting” 
is done when it is desired to secure a particular kind of fruit which will 
not unite or graft with the ordinary stock ; thus a Pear may be grafted 
on a (Juince-stuck, and on the scion may be grafted another Pear, which 
will not unite directly with the Quince. Further details on the subject 
of grafting, a most important and interesting one, must be sought in hor- 
ticultural works. 


Sect. 2. Sexual PKPiiODucrioN. 

Preliminary Observations, 

810. In almost all plants the greater part of the active existence 
is ])assed in the development of vegetative organs, increasing the 
])iilk of the individual, or occasionally also accompanied by multipli- 
cation of the plant by mere subdivision into parts. But at certain 
epochs another tendency manifests itself: the energies of the plant 
bocuiiio concentrated in the formation of what are called reproductive 
organs, for the purpose of producing and maturing those independent 
germs of new individuals of the species, called si}ores andfc^cf^. 

Idle formation of reproductive structures beai*s a very interesting rela- 
tion to the vegetative development. Generally speaking, the repro- 
ductive organs are only formed when the vegetative structures have 
become healthily developed so as to accumulate a certain amount of assi- 
milated matter in the substanco'of the plant; we observe that many 
garden plants grown in unfavourable soil in shady localities &c. will not 
flower ; and the number of yeaift that elapse before the flowering of such 
plants as the Agave, Taliput Palm, &c, varies with the more or less 
favourable climate and soil ; moreover in ordinary cases the flowering 
takes place at the close of the season of growth (^except where the flowers 
emerge from buds provided for by the previous year’s vegetation, as in 
Apples &c., in biennial and many perennial herbs). This indicate that 
vigour of the vegetative organs is f|b. necessary condition of reproduction. 

Further, reproduction is an ex^usting process : it kills annuals ; and 
excessive fruiting exhausts perennial plants. 
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At the same time the reproductive tendency and the vegetative ten- 
dency appear contrasted and opposed to each other; for reproduction is 
often retarded and replaced by rapid development of vegetative struc- 
tures when plants are placed in too favourable a soil, especially when too 
freely supplied with water; and rankly growing plants are frequently 
made to flower by gardeners by cutting the roots, conlining them in 
small pots, or limiting the supply of water. 

820. The reproductive bodies produced by plants are either de- 
veloped at certain epochs from structures originally belonging to the 
vegetative sy^em, or they are formed in special organs. In the 
low er Algm we And the cells, as those of the fllaments of (Edogoniam 
(fig. 535), or Spirogijra (fig. 405, a), originally true vegetative cells, 
and at a certain stage of growth resolved into reproductive cells and 
producing spores from their green contents. As we rise in the scale, 
among the Thallopbytes, we soon find specird cells {PeniclIIttnn Ac., 
fig. 4(58), or groups of coUs, exclusively vegetative or exclusively 
reproductive. In the higher Cryptogaraia, assemblages of organs 
of various kinds are formed upon the steins, in which are ultimately 
ripened the spores of this group ; while in the highest Class, the 
Phanerogamia, we nu'ct with flowers containing stamens and pistils, 
ultimately producing true seeds in fruits which are totally separated 
in almost every case from the vegttative structures. 

The, spores the higher Cryptogamia (Ferns, Mossi^s, kc.) cannot ho 
\ properly compared to the seeds of the Flowering phints (that is, mor- 

S hologiccdly^, since they result from a series of ])hysiological process<*s 
iiferent in many respects, as will presently be shown. AVith regard to 
the spores of the liiallophytes, our knowielige is too imperfect at present 
to enable us to decide upon all the homologies ; the probable relations of 
the different kinds of structure will he incidentally spoken of in tlie next 
Section. 

821. It, is probable that representatives' of two sexes, male and 
female, exist in all plants, and that these conjoin to form the rudi- 
ments of tile new iiulividuals of all Cryptogamia, ns they do in the 
formation of the embryo in the seed of Flow’ering plants. But in the 
ThaUophytes the male and female organs^ are often reduci^d to simph^ 
cells, Spcrm-cell” and gorin-ccll ; ” these being associated, often 
in the slme plants, with “ gonidiaP^ cells (Algpc, Fungi) for vege- 
tative propagation, the exact ‘’particulars and homologies aro still 
obscure in many families. 

The history of reprotftetion of plants has been greatly studied and 
much enlarged in late years ; mony important discoveries have hcmi made 
in all Classes ; and the course of the processes in Phanerogamia and the 
Lea^ Cryptogamia is now pretty well known. Much still remains to 
be discovered in reference to the ThaUophytes, especially the Lichens ^nd 
Fungi ; but in the Algie the pr^xsessi^ of fertilization of germ-cells by 
spermatic corpuscles have been observed more clearly and decisively than 
in any other plants. 
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Sect. 3 . Reproduction op Tiialdophytes. 

Fungi and Lichens, 

822. Tho various forms of reproductive organs met with in Fungi 
have already been described at p. 445. Most of them seem to be of 
tho nature of buds ; or if truly sexual, their operation has not yet been 
ascertained. The so-called aniheridia and the spennatia have not 
been proved to bo sexual organs. The phenomenon of conjugation 
\\\ Sizytjite^ and^the process of fertilization in Saprolegnieae, where a 
genuine process of impregnation takes place, have been described at 
p. 410. Similar phenomena have been described in Feromspora 
and Cysfopus, In these plants there are female branches dilated at 
tho end into a largo globule or oogone, and male branches terminated 
by an ovoid extremity, flattened at one side and applied to the oogone. 
Tiiis antheridiuin omits a slender tube which pierces the walls of the 
oogone and reaches the central mass of protoplasm in the interior ; 
and tlie latter, as a result of the contact, becomes invested with a 
cell- wall and forms a spore called an oospore. 

The little that is known of the reproductive process in Lichens is 
alluded to at p. 442. 

Xhjee. 

823. This group takes a far more prominent place in the present 
Section, from the fact that organs to which a sexual function may be 
attributed have not only been observed in almost all its members, 
but the process of fcrtili^atiou of tho germ, the impregnation of tho 
corpuscle produced by the tomale, has been directly observed in 
sevc'ral of the Orders, namely Rhodospcrmeie, Fucaccae Confervoidese, 
Dial omaeo£c and Y olvocinoac. 

824. The Oscillatoriaccm (p. 439) are at present only^Tfiiown to 

increase by division — ihat is, vegctath ely ; the Plia^osporeaj (§ 548), 
again, are only known to propagate by liberation of zoospores 
from special cells of the thallus. The Bictyotaeem and the^ilj^odo- 
spermea) produce a peculiar kind of vegetative offset called m fefra- 
spore (§ 540), a body formed mostly in special localities or in groups, 
and consisting of a parent cell divided into four chambers, tho con- 
tents of which, when sot free from tho parent plant, grow up at once 
into a new thallus. Besides the tetrasporos, they have and 

aniheridia, Tho antheridia produce minute, ultimately free vesicles, 
spernuitozoids or anilierozoidsy accorAng to Thurct devoid of ciUa 
and motionless ; Derbes, however, asserts that he has observed them 
njpving like undoubted spermatozoids. The antheridia are generally 
found in distinct plants from the spores^ and the tetraspores in a third 
scries of forms of the same 8|}ecies, 
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825. Where the sexuality of the Algse has been ascertained, we 
meet with the process of fecundation under three different forms, and 
these forms in subordinate modifications. The three forms of the 
process are : — Conjugation^ or complete union of a sperm-cell and a 
germ -cell, originally undistinguishable from each other by visible 
structure, occurring in Diatomaceae and some Confervoideie ; Fecun- 
dation of naked gei'tn-corpuscles by cilmUd spermatozoids, which in 
the Confervoideae occurs within the parent cell of the spore, and in 
Fucacese after both the gemi-corpuscle and the spermatozoids have 
been cast off by the parent ; and Fecundation of naked germ-cells by 
motionless ovoid or globular spennatozoids through the medium of a spe- 
cial tube or trichogy ne, as in EJiodospermere. The importance of those 
phenomena to the whole theory of reproduction in plants renders it 
necessary to give a particular account of the processes as occurring 
in certain well- ascertained cases. 

826. In DiatomacesB (including the Diatomece and Desmidieai), the 
ordinary mode of multiplication of the plants is vegetative propagation, 
by division, resulting either in the formation of connected families 
of cells (fig. 4G2, c) or of an increased number of separate cells, 
or by the extrusion of zoospores, which are developed into new cells 
or cell-families (fig, 4G2, b, a). This kind of propagation goes on 
actively for a time under favoui%,blo circumstances ; and the mere 
“ division/’ at least, may be compared to the vegetative development 
of more’ complex plants. 

^ But at certain epochs this mode of increase is exchanged for another 
kind, in which we have cooperation of two originally distinct cells to 
prqduce the new one, indicating that it is a phenomenon of sexual 
reproduction, while at the same time there is no external evidence of 
difference in the concurrent cells. The genus Closterium (fig. 4G2, 
B, c) is multiplied vegetatively by division, or Jksiparous propagation ; 
at certain stages of existence, however, the cells which appear as if 
about to divide approach in pairs, and, a fracture of the external 
cell-membrane having taken place at the usual line of division, the 
contents of each cell, bounded by a primordial utricle, escape, come 
into contact with each other, and become confluent into a mass which 
assumes “a rounded form (fig. 462, b, d). This round body becomes 
coated by a cellulose coat, and ultimately by a second, more internal. 
Its contents change from a green tq a brown or yellowish colour ; 
and the globular cell remains after the two empty parent cells have 
decayed. This globular body, which passes through a stage of rest 
before germinating, is sometimes called a sporange, not a simple 
spore, since its contents appear to become segmented and divide into 
a mumber of independent germs when the structure recomme^ipes 
active development. 

An analogous conjugation of two cells takes place throughout the 
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Desmidiecn, and it has also been observed in many JDiatomece ; in all 
cases the product is a resting sporangial cell or frustule, {, e, a cell 
possessing more than one firm coat, which produces two or more 
germs when about to throw off these coats to develope intd a new plant 
of the form of the parent. 

Con jugation exhibits many minor variations in the groups of Desmtdiea 
and IHatomefc j but it is necessary to restrict ourselves here to a general 
account of the process. 

827. In Spirogyra (fig. 465, A, a), Zygnema^ and one or two other 
genera of fiLamentous Confervoids ordinary growth by cell-division 
is exchanged for a i)rocess of conjugation at certain epochs. Two 
lilamcnts, lying side by side (fig. 465, a, exhibit papillary 
elevations of the cell- walls on the sides next their neighbours; 
these processes elongate until they come into contact ; they then 
adhere, and the septum formed at the ^lune of union becomes 
absorbed, so that the two cells become connected by a tubular pro- 
cess, a kind of isthmus. The contents of the cells meanwhile retract 
themselves from the wall, lose their spiral tippearance, and become 
condensed into a mass ; then, in some cases, the whole contents of 
one cell travel through the isthmus into the opposite cell (c) ; in 
others, the contents of both pass into the isthmus, which expands 
into a globular cavity in the middle. Jn either case the contents 
of the two cells become combined, and they form a globular or oval 
spore, w'hich jiroduces two or three firm coats, ente^ a stage of rest, 
and remains after the parent filaments have decayed away (fig. 465, 
A, d). After a time, usually in the spring succeeding the formation 
of the spore, this germinates, bursting its coats and sprouting out 
into a new filament like the parent (fig. 465, a, c). 

I bis conjugation of Spirogyra and its allies lias long been known, and 
w as without a parallel for many years ; as stated above, au^ analogous 
process occurs in Diatomece and Desmidwee, and it is essent^lly related to 
the proccjsses of fecundation by spermatozoids next to be described. 

82S. The history of the fertilization in (Edogonhim is one of the 
most curious points in the whole range of vegetable physiology, es- 
pecially so as regards the male organs, which undergo a complex 
course of development as follows. On the same plant that produces 
the female spore, or in some species on another individual, are formed 
special cells called ‘‘ microgoyidia or “ androspores.” The office of 
these cells is to produce ultimately antheridia, in which latter sperma- 
tozoids arc formed. The androspores^o formed in the ordinary cells 
of the plant, and escape from them by rupture of the walls of the 
parent coll as an ordinary zoospore would do, and like it they swim 
about in the water for a time ; but while an ordinary zoospore after 
a time germinates and forms a new tballus, the androspores attach 
themselves to tho sides of the female spore or sporangium. 

2d2 
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In this situation they grow into a sort of prothallus ; the lower 
part becomes dilated or pear-shaped, while p. 

the upper extremity developes one or two ‘ 


small cells one over the other. These are the 
antheridia ; and in each of them is formed a 
spermatozoid, the fecundating body. These 
latter, when mature, are ciliated and butt 
against the top of the antheridium, and at 
length cause its detachment in the shape of 
a little lid. In this maimer they escape from 
the antheridium, move about for a time in the 
water by means of their cilia, and idtimately 
pass into the female spore through an opening 
previously specially prepared for its passage 
in the summit of the fondle spore. Here the 
spermatozoid comes into contact with a (Quan- 
tity of colourless granular mucilage formed 
in that situation Qmov to fecundation, the 
distention consequent on which seems to ac- 
count for the formation of the aperture 
through which the fecundating body passes. 
The spermatozoid touches the mhcilagc, or 
even penetrates it to some extent, and becomes 
blended with it and thus fertilizes the spore, 
which subsequently becomes invested by a 
cell- wall in the ordinary way. 

829. VaucJieria is a genus of filameutous 
Confervoid Alga?, in which the long branched 
filament consists of a single enormously de- 
veloped cpll. This plant is commonly pro- 
pagated by ai peculiar kind of zoospore dis- 
charged from the thickened end of the fila- 
ment or of its branches. But at certain epochs 
lateral structures are developed at the sides 
of the filaments, as branch cells, which be- 
come shut oif from the main tube by septa; 
some of these processes expand into ovate and 
beaked or bird’ Sr head-shaped bodies,, others 
into short curled filaments or “ horns.’^ The 



(Edogoninm. eiliahim.: A, ordi- 
nary cells, in each of which 


former are sporaiujes, the lat^-er anthandia, c*c’Bporan};i^'V*X 

When ripe, the antheridia or “horns dis- drospores, one bonrini? nt </ 

charge their ceU-contents in the form of 
numerous spindle-shaped corpuscles, moving tremit^y of the plant. 


actively by the help of a pair of cilia. Meanwhile ^n orifice is 
formed in the beak of the sporange, and some of the spermatozoids 
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make their way in, so as to come into direct contact with the cell- 
contents. This phenomenon is followed by the closing-up of the 


Fig. 540. 



Vintckeria : A, A, spermatozoida ; B, C, horn-like antheridium ; D, D', sporanges; 

E, spore. 

sporangcj by a membrane, and the conversion of its contents into a 
fertile resting-apore, 

830. Spheeroplea is another genus of filamentous Confervoids, 
composed of rows of cylindrical cells, in which fertilization of the 
resting-spores by spermatozoids has been directly observed (Cohn). 
In some of its colls the contents are converted into a number of 
globular bodies, in others the contents are developed into numerous 
spermatozoids. When mature, orifices are formed iy walls of the cells 
of both kinds ; the spe^rmatozoids escape from their parent cell, and 
make their way in through the orifices of the parent cells of the 
spores ; the latter when fertilized produce their cellulose coat, and 
ripen to resting-sporcs, which are set free by the decay of the parent 
filaments. 

Analogous phenomena have been recently observed in v|rious other 
filamentous Confervoids, as in G^dogonhmij BtdhocJuete) and Cohn has 
lately described a similar process in Volvox, 

831. The mode of fertilization in the Floridese (§ 546) or Eed Sea- 
weeds, has been well made out by Mil. Thuret and Bomet, who thus 
describe the process in Hehninthora, A small cell, originating on 
the side of one of the dichotomons filaments of which the frond is 
composed, elongates, divides transversely, and becomes a short 
hraiichlet made up of four superposed cells, of which the uppermost 
alone continues to develope. Shortly there may be seen projecting 
from the summit of this uppermost division a little protuberance, 
which gradually lengthens into a long hyaline hair, often dilated at 
the extremity, This is the tnchogyne or essential organ of fertili- 
zation. Whefi the spermatozoids (here globular and motionless) come 
into contact with the upper- part of this hair they adhere to it. Then 
the cell which forms the base of the trichogyne swells and divides 
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into segments, and is soon transformed into a small cellular mass, 
which gradually forms the young cystocarp ” or mass of spores. 
The trichogyue gradually disappears. In CaUithamnion the aggre- 
gations of spores called favelke (§ 546) are formed from the side, 
not at the base, of the trichogyne, in consequence of fecundation by 
the antherozoid. Here, then, wd have motionless anthcrozoids 
formed in the antheridiiim of one plant, escaping and coming into 
contact with the free end or style-like process of another plant ; and 
as a result of this contact, the cell at the base divides and subdivides 
into a mass of spores. 

832. The observations made by Thurct on Pucacca? arc very de- 
cisive. In this Order, the conceptmles (§ 547) produce in their in- 
terior bodies of two Idmh, anther kfia (hg. 464, r^and spore-sacs (fig. 
464, e), either together or in separate coneeptaeles (moncecious), or in 
separate plants. The antheridia discharge 2-ciliate(l spermatozolds 
(fig. 464, J), which are poured out 
through the pores of the rece}tiaclcs 
(fig. 464, a) into the surrounding 
water. At the same time the 
spore-sac (fig. 464, e) bursts and 
emits an inner sac (fig. 541, «), in 
which maj be observed 2, 4, or 
8 (a) spherical corpuscles, destitute 
of a cellulose raem^)rane ; this inner 
sac breaking loose, bursts and dis- 
charges its corpuscles, which, like 
the spermatozoids, pass through the 
pores of the receptacle into the 
water. Here they become sur- 
rounded by a cloud of spermato- 
zoids (fig. 541, h) which attach 
themselves to the surface, and 

, . iniuT Hporo-sjic buratiTif' from 

their ciliary movement cause the the ouu^rsacftnd about to liberate the si>or(*f»; 

suheres to revolve In the emtrae ® spore (devoid of cidlulfjse co»t^ sur- 
spncrcs XO rcVOlVe. in xne course apennatozoids ; c, improfrnated 

of a few mmutes, usuallv, a cel- spore v?ith a cellulose coat; d, the saint; ger- 

Mose membrane is formed upon Magn-iw) diameters. ^ 

the surface of the globular corpuscle (by secretion from its pri- 
mordial utricle?), and it becomes a coll (fig. 541, c), which sub- 
sequently germinates, growing by cell-division (fig. 541, d) into a 
new frond. c 

These observations upon the fertilization of the germinal coipuscles of 
the Algm are of extreme interest, both as ofibring example^ of the process 
of sexual conjunction of the simplest kind in plants, and as affording, like 
the development of zoospores (§ 698), beautiful illustrations of the theory 
of free-cell formation (§ 697) by the production of a cellulose coat around 
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a naked primordial utricle after it has been completely separated from the 
parent, — a phenomenon never met with in the higher plants, where this 
kind of cell-formation can only be observed in the interior of the parent 
structures, as in the embryo-sac of the Phanerogamia. 

833. In the conjugating Alga) we observe the new cell to be 
produced by the complete union of the entire contents of the spore- 
cell and germ -cell, which are undistingiiishable from each other. In 
the other kinds cited, the contents of the germ-cell become converted 
into one or more globular corpuscles, rudimentary spores ; while the 
contents of the sperm-cells are developed into numerous minute cor- 
puscles, usually of a spindle-shape (not spiral), moving actively by a 
pair (?) of cilia. The corpuscles of the germ-cells acquire a cellulose 
coat and become cells ; the spermatic corpuscles disappear after they 
come into contact A^dth the nascent spores, cither dissolving or becom- 
ing absorbed into the substance of the latter. 


Sect. 4. IIeproduction of Angiosporas, or Leafy CiiYrTOGAMiA. 

834. Tlie reproduction of the Orders included in this division pre- 
sents but one common character, namely the representation of the 
sperm-cell by antheridial cells, whose contents are discharged in the 
fonn of spirally coiled filaments moving actively in the water by 
means of two or more ciliary appendages. In th^ majority of the 
Orders the female organ occurs in a form somewhat analogous to 
the ovule of Phanerogamia, called the arcliegonmm (or pi stiUidinm), 
which gives rise, however, to very different products in the different 
groups. In the Charncea) there is no distinct archegonium, the spore 
being directly fertilized and growing up into a new plant ; yet as 
this spore presents the external characters of an arcliegmiumy and 
the antheridia are spiral, the Order is clearly referable to the present 
division. 

In the Gymnosporae the fertilization of the germ-corpuscle is follo\ved 
by its conversion into a spore (Spirogyra, Vaiicheria), or into a cell which 
may be called a sporangial cell on account of its contents undergoing divi- 
sion into a number of new germs when it begins to grow (Closterimiy Biilr 
hoch(stey &c.). In the Angiosporse (excepting Oharaceie) the relations 
of the spores to the proper sexual structures are more distant and very 
diverse, the course of development being much more complicated. 


Characece, 

835. The leproductive organs of this Family are very distinctly 
characterized, and borne in a conspicuous external position. The two 
kinds, male and female, called respectively the globule and the nucule, 
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occur either together on the same branch of the plant, on distinct 
branches, or on separate plants. 

836. The globule, or antheridium, is a spherical case composed of 
eight (triangular) segmental pieces, each of which is formed of a 
number of cells radiating from a central one ; all these have red 
or orange contents, imparting a colour to the globule as seen in 
its natural condition. From the central cell of each valve projects 
inward an oblong cell ; these eight cells meet in the centre together 
with the apex of a flask-shaped cell which enters the globule at its 
base, forming the pedicle by which it is attached to the branch. 
"Where these nine cells 'meet in the centre is found a little cellular 
mass, from which arise a number of slender jointed filaments. When 
the globule is mature, its valves separate, and each carries away its 
central cell bearing a tuft of the jointed filaments. The cells form- 
ing the joints of these filaments are then seen each to contain a 
minute spirally coiled thread, which makes its way out and appears 
as a 2-ciliated actively moving spermatozoid^ resembling those of the 
Mosses. 

837. The nttcvle is a somewhat anomalous organ, presenting at 
first the characters of an archegonium, and afterwards those of a spore. 
It consists essentially of a large oval cell surrounded by a double 
coat and, outside this, by five spirally coiled and intimately connected 
cortical laments. The five spiral cells terminate at the summit in 
five (or ten) teeth^ and it appears that these teeth separate from each 
other at a certain epoch, leaving a free passage down the centre, to 
the wall of the central cell. In this state we may compare the 
structure to an archegonium, or to an ovule of Phanerogamia, It is 
supposed that spermatozoids from the globule pass into the canal be- 
tween the crown of teeth of the nucule and cause it to become fertile. 
The produq;t, however, of the fertilized central cell is not a free embryo 
or a spore, but it becomes itself the first cell of the new plant, like a 
spore. After fertilization the nucule drops off from the parent, passes 
through a stage of rest, and in the following season germinates like 
a seed or spore and grows up at once into a new plant. Pringsheim, 
however, states that the spore developes a true prothaUus like that 
of the Mosses. 

In favour of tlie supposition that the young nucules are impregnated 
while the apical crown of teeth is open,** we have two circumstances, 
namely : — that the spermatozoids are aischarged from the globules at the 
same period ; and, secondly, that when the nucules are ripened in autumn, 
they ger^nate in the following spring, at an epoch when no spermatozoids 
are in existence. 
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Axogamia, 

838. Under this title we in- 
clude thcLiverworts andMosses, 
on account of their sexual or- 
g*ans, essentially similar in kind 
and mode of development, being 
in all cases developed upon the 
axis of the perfect leafy plant. 

Both Liverworts and Mosses 
produce anther idki and arche- 
yonia, either on the same plant 
or on distinct individuals. There 
are minor diffefenccs of struc- 
ture in the different groups of 
these Orders, some of which 
may bo briefly described. 

839. 

Ilcpaticm (and with these agree 
the same organs of Sphagnacem) 
are elliptical or globular sacs 
(flg. 542, c) formed of a single 
hiyer of cells ; they are found 
imbedded in the yialloid stem of 
Jlicci((fPellia, (fee., or in the sub- 
stance of the (male) receptacles 
of Marcliantia (p. 425), or on 
stalks arising from the frondose 
stem, in Fossombronia, and in 
the axils of the leaves in the foli- 
aceous kinds of Junc/ermannieoe 
(tig. 542, f/). The interior of the 
sac is filledwith minute roundish 
cells, at first coherent, but ulti- 
mately free. These (the sperm- 
cells) escape by the rupture of 
the sac of the antluridium^ and 
each of them emits a 2-ciliated 
sinral spermatozoid (fig.542,(^. 

840. In the Mosses the an- 
theridla are .^arger and more 
elongated and cylindrical sacs, 
not stalked (fig. 543, h ) ; they 
are found in the axils of leaves, 
sometimes scattered, but more 
frequently collected in axillary 


Fig. 542. 



mi ^ i 1 , ^ Antheridiu and arnheconia &c. of Hepaticae: a, 

1 he antherirUa Ot tne vertical Heetion of tke inflores-.once oi Radula 
oomph no fa, with young (axillary) anthcridia and 
(tHrmiiial) anlicgonia, magn. 60 diam. ; 6, vertical 
section of an arenegonium, with germ-corpuscle, 
of Jungermannia divaricata, magn. 250 diam.; 
c, iminaiurc* antheridium of Ttadula complannta 
(vert, section), magn. 250 diam.; d, Spermato- 
sipid; e,imniat»ire fruit, with surrounding efligone 
and two abortive arohegonia {pp) of liaaula 
planata (vert, section), magn. 100 diam. 


■— C 



Antheridium, arohegonium, &c. of Mosses ; a, ver- 
tical section of ar^egonium with germ-cell from 
Phascum cuttpidafwn, magn. 100 diam. ; 6, anthe- 
ridium of P<ngirichum commune^ bursting to dis- 
charge spermatozoids, m£^n. 25 diam. ; e, sperm- 
cell and spermatozoid or the same, magn. 200 
diam.; d, spermatozoids of the same, magn. 400. 
diam.; a, in^ature fruit of Phascum hryoidet 
(vertical section), c, calyptra, r, vaginule, magn. 
40 diam. 

2 D 5 
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or terminal bud-like structures {inflorescence), either with the arche- 
gonia, or in a monoecious or duBcious condition. The anthcridial 
sacs are filled with a tissue which is ultimately resolved into sperm- 
ceils, wliich arc discharged by the bursting of the sac (fig. 543, h) ; 
and when these escape (fig. 543, c) they in their turn emit an active, 
spirally twisted, 2-ciliated spermatozoul (d). 

The antkeridia and sjyennatozouls of IMosses may be readily observed in 
Pohjtrichum commune, the male plants of which form their flowers ” 
(stelluice masmdince) abundantly on every heath in spring. 

841, The arcliegonia are very much alike in Hcpatica? and Musci, 
being flask-shaped cellular eases, with a long neck (fig. 542, a, h ; 
fig. 543, a), found generally several together, commonly at the ends 
of shoots, surrounded by modified leaves, which receive special names 
(pp. 421, 423), forming a kind of perianth. In Anthoceros the arche- 
gonium is formed in the substance of the thalloid stem. When 
mature, the archegonia exhibit in their basal cavity a (jerm-corpuscle 
(fig. 542, h ; fig. 543, a), which in all probability is fertilized by the 
passage of spermatozoids down the canal of the neck of the flask- 
shaped bodj. In any case this corpuscle is converted into a cell in 
one of the archegonia of a flower, the rest remaining barren (fig. 
542, p, p). 

Ilofmeister has observed spermatozoids actually within the canal of the 
archegmiumf in Ftmaria hygrometrien. M. Lortet not only assured 
himself that th^se active spiral corpuscles descend by the neck of the 
archegone until they reach the central cell, but he states that he has 
witnessed the manner in which the latter is fertilized by the moving 
spirals. Fecundation is etfected by the contact of a certain little vesicle 
which the spermatozoids carry at the side of their swollen extremity, 
which vesicle contains some six or eight amylaceous corpuscles, and 
increases very much in size at the moment the process is accom- 
plished. M. Lortet has fbpeated, in the vegetable kingdom, the experi- 
ment formerly made by MM. Dumas and Pn^vost with certain animals, 
lie submitted the fertilizing liquid of the Preissia commutnta, containing 
the antlierozoids, to filtration, and found that the thick juice which 
passed through the filler was incapable of rendering the plant fruitful, 
whilst the matters retained by the filter, which swarmed with sperma- 
tozoids, rendered all the arcliegones fertile ; this was proved by applying 
the contents of the filter, by means of a soft brush, over the female 
organs. M. Lortet has, moreover, remarked that the cilia of the sperma- 
tozoids terminate, like the antennae of several insects, in a little expansion 
or swelSng. * 

842. WJien the germinal pell is fertilized, it begins to grow by 
cell-division, and forms a cellular body ^ hich causes the expansion of 
the original wall of the archegonium (fig. 542, e). After a time, this 
wall gives way, in the Mosses by a circumscissile dehiscence, so that 
the upper part is carried upwards (fig. 543, e, e), afterwards becoming 
flie calyptra (p. 421), while the lower part (fig. 543, e, v) remains as 
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the vnffmule (fi^. 459, c), la the Hepaticse the sac of the archegonium 
is usually ruptured ia the upper part, and there is no cup-shaped 
calj^jtra formed, the sac becoming ultimately the envelope, corre- 
sponding to the vaginule of Mosses, here often called the epigone 
(p. 424, fig. 4C0, u, a). 

The central cellular body (fig. 542, e) undergoes very remarkable 
changes : by degrees it exhibits different strata and regions, and in 
the most perfect forms of this Class ultimately rises out on a stalk- 
like process from the vaginule (fig. 543, v\ and becomes a sjporan- 
yimn or capsule, filled Muth spores (pp. 420-425). 

The mode of development of the spores, which are simple colls with a 
double coat, or a proper cell-membrane covered by a distinct euticular 
(§ G38) layer, is briefly as follows: — ^In the cellular rudiment of the cap- 
sule, concentric layers of the parenchyma become differently metamor- 
phosed: the outer layers form the walls of the capsule and the sporangial 
membrane below, continuous with peridome (p. 421) above; the'ceii- 
tral mass (in Mosses) is developed into the columella : the intermediate 


Fig. 644. 



Gijrmination of the sporea of a Mosf (Funnria hygrometriea): c, spore sprouting; d, more 
advanced, and the first ccU divided ; a and 6, nascent leaf-buds on the confer\’oid proto- 
ncma. Magn. 200 diam. 

• 

layers, which produce the spores, after multiplying to a certain extent, 
form free cells from the whole contents of each cell ; the walls of the ori- 
ginal or parent cells dissolve, and a cavity is formed, in which the free cells 
(parent cells of the spores). lie loose. These cells become divided into 
four chambers by septa ; and each of these chambers (special parent cells of 
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the spores) produces a single free cell from its wliole contents. The last- 
formed cells, set free by the solution of their mother cells, are the spore- 
cells, which when ripe are found coated with a cuticular layer, often more 
or less marked with points or reticulations, like pollen-grains. 

In the suhsequenr history, another kind of propagation takes place. 
When the spores germinate, they produce a confervoid structure (jpro- 
tone^na, fig. 644), from difierent cem of which 'are produced a number of 
buds {a, h), each of which grows up into a new leafy stem, forming a 
tufted group of plants, which after a time fructify again by aniheridia and 
archegonia, 

ThaUogamia, 

843. In this group of Flowerless plants we meet with a curious 
displacement of the reproductive structures, which do not occur in 
immediate connexion with the morphologically perfect plant, but on 
a temporary structure produced by and cast off by the leafy stem. 

Ferns and Equisetaceae, unlike as they arc in their complete forms, 
agree so closely in their sexual reproduction, that, like the Liver- 
worts and Mosses, they may be described together. Both these 
groups are characterized by producing but one kind of spore, deve- 
loped in 8p(oranges> more or less intimately connected with the 
folfaceous structure (pp. 414, 417). When these spores are sown, 
they germinate by emitting a tubular process (fig. 545, a), which by 
cell-division (h) enlarges into a small, green, leaf-like plate, some- 
what like* the frond of a Liverwort, called the prothalUum (c). This 
is capable of sup'porting itself, having filamentous rootlets ; and if 
the changes next to be described do not immediately take place, this 
prothallium often propagates vegetatively, new prothall la budding 
out from its base. 

When completely formed (c), this structure exhibits on its under 
surface cellular papillary bodies of two kinds, which are the an- 
theridia and archegonia : the former are scattered over the whole 
surface ; the latter, less numerous, are chiefly found in the thickened 
central region, from which the rootlets arise, especially between this 
and the anterior notch. 

844. The antheridia are structures composed of one cell (or two 
superposed), developed from the lower free faCo of one of the cells 
of the prothalliura (fig. 545, e, /). In the interior a second cell is 
formed, the contents of which become segmented and developed into 
a numhemTof mintite vesicles, the sperm^cells. When ripe, the top 
of the antheridial cell falls off like a lid and the sperm-cells escape 
(A); each of these emits a spernfiatozoid differing in form from 
that of the Mosses and Liverworts, and having numerous cilia. The 
spermatozoids are, moreover, provided with a mucilagmous vesicle, 
which is supposed to he of consequence in the process of fertilization. 

845. The archegonia are developed on the ^omeprothallium as the 



601 


RBPRODXTCnON OP PERNS ETC. 

antheridia in many Ferns ; the Horse-tails appear to be dioecious^ 
archegonm having been detected only on distinct prothaUia. The 
external structure is a papilla formed of four collateral tiers of cells, 
with a canal running down the central intercoUukir passage (fig. 545, 
papilla projects from the lower surface of the pro- 
thallium ; and when mature its canal has an open mouth (n). The 


Fig. o-io. 



Ppprodiiftion of Ferns; a, sjiore germinating; b, more advanced (magn. SOdiam.); c, fiill- 
grown pri>thalliijm, with archegonia (lower surface); r/, vertical section of the central 
region of a prothallumi, passing through an archegonium and two antheridia; e, two 
anthi'ridia (side view); /, antheridia seen from above; ff, anthcridium burst (side view); 
A, sperm-cell from antneridium; spermatozoid escaping from sperm-cell (magn. 300 
diam.); Xr, front view of a spermatozoid ; vertical section of a young nrchegoniura ; m, 
more advanced ; v, still older, with the canal open, and an eitibryonal corpuscle in the sac 
(magn. 100 diam.); o, view of the mouth of an archegonium, from above; p, vertical sec- 
tion of an archegonium with the embryo in course of development in the sac ; y, the same, 
more advanced (less magnified); r, vertical section of young plant, more advanced, with a 
fragment of the prothallium (magn. 50 diam.); #, f, young plants of eerrulaia-^ with 
their first and second leaves and q^ventitious roots, still connected with their prothallia, 

canal leads to a basal cell {emhryo-$ac), in which lies a germinal 
corpuscle (n), as in the archegonium of Mosses (§ 841). This cor- 
puscle is fertilized by the entrance of spermatozoids into the canal, 
and becomes* the embryonal ceU, Seldom more than one arche- 
gonium in a prothallium becomes fertile ; the abortive ones acquire a 
peculiar brown colour in the canal and embryo-sac. 
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Cell-division ensues in the emhnjo thus formed (fig. 545, p, q ) ; 
but the result is not the fonmitiou of a capsule, as in the Mosses, 
but of a bull, producing leaves (#•) gradually more and more perfect 
(s, t) in the Ferns, and of the characteristic stem in tiic Equisetaceoc. 
AVheu these vegetative structures are sufficiently mature, they pro- 
duce the sporanges and spores, as described in a former section 
(p.418). ■ 

The development of the spores of Ferns is similar in its most essential 
points to that of the Mosses. The thecte or sporanges (p. 418) are pro- 
duced from certain cells of the parenchyma of the fertile leaves ; and when 
mature, they break out upon the lower surface, naked or covered by the- 
induaia (p. 418). They are at first cellular papilhe, the parenchyma of 
which becomes difTerentiated in the course of development j the outer 
layer fogms the cellular wall of the sporange and the anmdm (p. 418), 
while the central parenchyma assumes the character of parent cells of the 
spore-cells, which are developed in fours, as in Mosses &c., and acquire 
when ripe a cuticle marked with granules, spines, or ridges (fig. 458,^?). 


Siyorogamia, 

846. It has long been known that the Lycopodiacem and the 
Marsileaccae produce spores of different kinds, unlike especially in 
size, so that they are conveniently distinguished as microstores and 
megaspores. These are produced in similar or only slightly different 
sporanges (pj>. 411-414), which in the Marsileaccoo occur together 
or i separately in an additional envelope, forming the spore-fruit 
(p. 411). 

The reproduction by means of these spores presents characters 
greatly differing from those described in the preceding group, and 
approaching those found in the Phanerogam ia. 

847. Wfen the microstores of Lycopodiacea? and Pilularia arc 
sown, their contents are converted into minute sperm-cells, dis- 
charged when mature, and each giving birth to a ciliated spermatozoid 
(fig. 546, a). In Salvinia, the^ microspores produce cellules, each of 
which produces again several sperm-cells in its interior. 

The formation of the microspores, in their cables, agrees essentially 
with, the development of the spores of Ferns in their thecae. 

848. The megaspores have a very different history, subject to 
slight modification in particular generS, ; it will suffice to describe 
as an example the mode of development in Selaginella. 

When the large spore of Sel^inella is sown, after some time the 
outer tough coat bursts at the apex, marked by the convergence of 
three ridges externally (fig. 546, b) ; when this openirjg of the outer 
coat takes place, it is found that a discoid layer of minute cells has 
been developed, between a second coat lining the cuticular layer and a 
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third coat, which immediately encloses the fluid contents of the spore ; 
this coat may be extracted from the outer coat, and the cellular 
disk is then seeit upon its upper 


end (fig. 54fi, This disk Fig. 546. 

is the proihalliiim, and upon ^ 

its exposed surface (A) are a I 

found the arcJiecjonia (in Sela- ^ 

(/inelJa numerous, in Pilularia I 

&c. solitary). Cellular tissue \ / 

is also developed in the large ^ \ J 

sac of the spore, underneath ^ 

the disk, but separated from it ^ 

by the inner spore-coat. This 

is shown in'thc vertical section 

of the siiore (c^). The arche- ^ j 

gonia consist of an embryo- j[ J 'x V 

sac, with an intercellular canal II t A 

lea^ng down to it (/), the ^ 

four upper cells bordering the i 

canal being more or less pro- 

duced above the surface of the 

prothallium {d, /). In the • 

embryo-sac lies a germinal If I 

corpmcle (/), which is doubt- ^ 

less fertilized by the sperma- IfYiJ 

tozoids of the microspores, ■^Ryfa 

but at what time and in what W M 

manner is as yet not known. /jM Mj 

849. The fertilized germinal jj^ ^ 

corpuscle is then developed 

by cell-division, forming the ^ 

emhryo, which in Selaginelixt 
descends into the cellular tis- 

sue of the largo cavity of the ceils, containing 8pennatozoida(inagn.l00diam.); 

trAC* i.\ 6, large spore, with the outer coat bursting, to dis- 

Spore (tlg» 040, ri), its primary nlaytKeprothallium bearing archegoniafmagn.is 

cells growing intoafilamen- diam.);c, largo spore with the outer^^^^^^ 

® ^ 1. • showing the entire inner coat, with trie cellular 

tons mspensor, bearing the prothallium at the upper end (magn. lOOdiam.); 

true embryo-ceU at the lower 

end. The embryo (fig. 546, nia with embryonal corpuscles in the sacs (magn. 

j 800diam.);^vertical section of i.rothallium, with 

gradually taxes lorm and pro— thcL embryo developed from one archegonium 

rill PAH A Ipaf— hull and sends imbedded in the cellular mass of the spore-sac 

ducesaieai oua^;, ana senas ( joodiam.): i,moivadvt«i™d embryo, ei- 

out an adventitious root ; the tracted from the spore, with its suspensor (magn. 
bud and tH root esca^ from 

the Sixire-coat (Z), leaving be- plant, with stem, leaves, and root, still connectea 

yiththe8por«£romwhich.th«em.rg«i(m«n. 


showing the entire inner coat, with tiic cellular 
prothallium at the upper end (magn. 100 diam.); 
d, vertical section of a more advanced prothallium 
with archegonia (magn. 100 diam . ) ; e,/, (j, archego- 
nia with embryonal corpuscles in the sacs (magn. 
800 diam.) ; h, vertical section of i.rothallium, with 
thel embryo developed from one archegonium 
iml^ded in the cellular mass of the spore-sac 
(magn. 100 diam.) ; i, more advanced embryo, ex- 
tracted from the spore, with its suspensor (magn. 
100 diam.) ; A:, vertical secjtion of a spore, with 
embryo breaking forth (magn. 15 diam.) ; youne 
plant, with stem, leaves, and root, still connected 
with the spore from which it has emexged (magn. 
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cotyledon ?) first formed, which dies away as the stem grows, like 
the cotyledons of a germinating Pea. 

The young plant (1) thus formed grows up at once into a new 
leafy stem, ultimately forming sporanges &c. 

The conditions in Isoetes, and also in Pilularia and other Marsileacefle, 
differ in various points — such as the absence of a suspensor in Isoetes^ the 
existence of only one archegonium in the Marsileaceas &c. Seldom more 
than one of the archegonia become fertile in Lycopodiaceae. The deve- 
lopment of the embryo of the genus Lycopodium^ in which only microspores 
have been observed, is at present involved in obscurity, no attempts to 
cause germination having as yet succeeded. Spring, the monograpner of 
this group, even goes so far as to express the opinion that the genus Lyco- 
podium was originally dioecious, and that one of the sexes has been lost, 
so that the male plants alone . remain, perpetuated by simple vegetative 
division. This view, however, is improbable. The male plant would 
probably, as in other cases, occasionally produce female organs ) but these 
nave as yet escaped observation. 

A peculiar phenomenon is exhibited in the formation of the megaspores 
of these Orders. The microspores are developed in fours in parent 
cells, much as in Ferns and Mosses as regards the metamorphosis of the 
internal parenchyma of the sporanges into free cells. But in the de- 
velopment of the niegaspores, when the parent cells of the spores are 
formed, in Selngitiellaj all of them but one in each sporange arc abortive, 
the single ren^aining one forming four rpecial parent cells, and, ultimately, 
four large spores which fill the sporange. 

In Pihdaria not only do all the parent cells but one disappear in the 
ipegaspore-sporangcs, but, when this one divides into four special parent 
cells, only one of the spore-cells continues to be developed, the other three 
disappearing, so that the female sacs contained in the spore-fruits of Pilu- 
laria each enclose only a single megaspore. This megaspore departs 
greatly in external character from all the other structures described as 
spores in the leafy Cryptogams, and approaches in some degree the cha- 
racter of a detached ovule of a Flowering plant. 

r 

Sect. 6. Eepeodttctton of Phanehogamia, 

850. The remarkable distinguishing character of this group of 
plants is the possession of stamens producing polleny and of carpels 
producing ovules, ihQ latter of. which are matured, while still nourished 
by the p^ent organism, into seeds containing an embryo (§§ 16 & 
300) — a rudiment of the future plant, in which the vegetative organs, 
stem, leaf, and root, can in most cases be distinguished. 

The formation of these reproductive organs closes the life, or, in 
perennial plants, the periodical, cycle of growth ; and the progeny 
thrown off, after passing through a stage of rest, germinate directly 
into a new, perfect morphological representative of the species. 

851. In the Flowering Plants, as indicated in the preceding Parts 
of this work, there are some important differences in the con- 
struction of the essential organs of the flowers, accompanied by a 
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striking variation in the course of development of the embryo sub- 
sequent to the concurrence of the sperm-cell with the original germ- 
cell of the ovule. The Morphological differences of the Gymno- 
spermia and Angiospcrmia have been indicated already; in describing 
the minute phenomena occurring in their sexual reproduction, it 
is advisable to treat them separately ; but as the pollen-grains 
are produced on the same plan in both groups, these structures 
may be previously disposed of in a brief account of their general 
history. 

Pollen-grains of Phanerogamia. 

852. Pollen-grains, the sperm-cells of Phanerogamia, differ im- 
portantly from the sperm-cells of the Leafy Cryptogamia in the 
absence of any corpuscular contents analogous to spermatozoids ; 
their protoplasm exhibits simply a nucleus, with granules of starch, 
oily matters, and other ordinary cell-contents (§§ 595, 596). In this 
respect they approach the fertile cells of Conjugating Algss (§ 827). 

853. In their simplest forms they are single cells, with a proper 

cell-coat and an outer cuticular coat, mostly marked with irregu- 
larities, forming a kind of pattern on the surface, sometimes very 
elegant. In particular cases the outer coat is laminated, so that the 
pollcn-cell appears to have several coats. In all cases the outer coat 
exhibits one, three, or many round holes or slits {pores) (fig. 547, e), 
where the inner coat is bare ; in the • 

pollen of Passijlora, Ciccurhita, &c. there Pig. 547. 

exist lid-like covers over the pores (fig. j 

547, c). 

854. The form and size of pollen-grains 
vary very much, as may be observed even 
in the few examples here figured; but 
although there may be a general resem- 
blance throughout particular genera, and 
even Orders, they do not often afford 
good or regular systematic characters. 

The most frequent cases of agreoiient 
in allied plants occur when they possess 
compound pollen-grains (fig. 547, h, d\ 
consisting of a number of^ pollen-cells 
permanently coherent together. The most 
striking cases of this are those offerqji so 
abundantly in Orchidacese (§ 509) and PoUen-^ms,ma«n.iooaiamei;er8: 
Asclepiadacese (§40o), as to lorm valu- pound gmin); Passijlora ctgtrur 
able systemaKc characters in these Or- 

ders. These pollm-tmsses or potlima MpiUbmmm<mtamm;h,tathr^ 
consist either of the entire mass of pollen Siong“t^oeiSoffii^^^'^ 
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of an anther-cell, or of a half, quarter, eighth, or smaller fraction, so 
numerous in some genera as to appear like granules merely coarser 
than ordinary pulverulent pollen. 

The existence of pollen-masses and compound grains is readily ac- 
counted for by the history of the development of pollen, which agrees in 
the main points with that of the spores of Mosses &c. (§ 842). The par- 
enchyma in the central region ot each lobe of a young anther presents 
two perpendicular rows of cells, one corresponding to each of the four 
primary loculi (§ 200), different in character from those which are to form 
the walls. The cells in these series multiply by division to a consider- 
able extent ; and ultimately each forms a free cell from its whole con- 
tents — the parent cells of the pollen. Those are set free by solution of the 
walls of the parenchymatous framework in which they have been d(^- 
veloped, and th^y then lie as loose cells in tlie loculi or chambers of the 
anther thus formed. Each parent cell divides into four chambers ; and 
each of these chambers (special parent cells) produces a pollen-cell, in the 
CRvSe of simple pollen-grains set free by the solution of the special parent 
cell. In quaternary pollen (fig. 647, d) the membranes ot the special 
parent cells are not dissolved, and thus the pollen-cells are lield togetluu* 
in fours ; and the more complex conditions arise from the membranes of 
the parent cells of anterior stages pei*sisting sufficiently to hold their pro- 
geny together. The mode of formation of the pollen in the special parent 
cells is by some attributed to cell-division ; but the more geiKU'olly atioptc'^ 
view is that it is formed by free-crll formation. The nucleii^ of th« 
parent cell divides into two ; between these two a quantity of granules of 
protoplasm are aggregated together in a direction across the parent cell , 
these granules are* suddenly seen to he divided by a liiK', tlui iirst indica- 
tion of the cell-wall between the two ceils so produced; these t'svo again 
subdivide ; and thus four pollen-cells are ultimately found in one parent 
cell. The pollen-masses of the Asclepiadacere, and perhaps or some 
Orchidaceae, result from a different process : in tliese tlie outer layers of 
the primary parent cells do npt develope cells in their interior, but become 
conjoined into a cellular pellicle forming a sac or purse enclosing all the 
pollen-grakis formed within. 

The pollen-cells acquire their cuticular coat after they have become 
free ; but part of the material of this structure appears to be derived from 
the dissolved membranes of the parent cells. 

Zostera presents a remai-kahle exception to the usual character of pol- 
len-grains, the cells here havingithe form of short cylindrical fflaraents 
with but one coat, i. e. without a cuticular layer. In . these a rotation 
(§ 736) of the cell-contents may be observed, which is likewise occasion- 
ally to be seen in recently formed pollen-tubes of other plants. The 
minute starch-grains of the cell-contents, are noticeable ^ exhibiting a 
molecular motion, which was at one time imagined to be of vital charac- 
ter, and might lead the inexperie]uced to suspect the existence of minute 
spermatozoids. 

Pollen-grains of Oymnospermia» 

856. The pollen-grains of the Gymuospermia present a modifica- 
tion of the structure above described. They are not simple cells, but 
produce in their cavity, even before they are discharged from the an- 
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ther, minute cellular bodies, composed of two or four cells, adherent 
to that side of the pollen-grain where the slit (§ 853) exists in the 
outer membrane. 

85G. In the Phanerogamia, when a pollen-grain falls upon a 
stigma in its proper or “ receptive ” state (known by the presence 
of a saccharine secretion), the inner coat is protruded in the form 
of a blind pouch (fig. 547, li) from one or more of the pores or 
slits, and, nourished by the stigmatic secretions, gi’ows into a fila- 
ment of great tenuity, which makes its way through the loose stig- 
mntic cells, and passes down the canal of the stylo into the cavity of 
the ovary, there following the course of the placentas when the ovules 
arc numerous. 

857. In the Gymnospermia the pollen-grains fall at once upon 
th(i ovules and pass into the micropylc, sending down their pollen- 
tubi's — here developed from the internal cellular body (§ 855), which 
penetrates through the proper coat of the pollen-cell — into the sub- 
stance of the nucleus of tho ovule, towards the deep-seated em- 
brsO'sac. 

The formation of imperfect pollen-tubes may sometimes be caused by 
plaolii}> p(^]ltm-graiiis in syrupy fluids; but when they are placed in dilute 
sulpV ‘ acid kd. the extrusion of the inner coat wliich results is mostly 
a pro:*t'>; of mechanical expansion, and the projecting pouches soon burst 
ana discharge the contents of the cell, owing to endosmotic action. 

Ovules of Phanerogamia » * 

858. ovules of Phanerogamia arc all constructed according to 
som» modifleatiou of one general plan. Tho essential part is the 
nucleus (fig. 548, a) or principal cellular mass, in the interior of 

Fig. 548. Fig. 549. 



.518 Diafframmatic section of nn ovule: o^nuoleus; 6, embryo-sac; c,innercoat; outer 

' coat; aiSiuicropvle ; /*, chalaza; fliuiculus. ^ . ..i . . 

Fiff 649 Young ovules of A. Vertical section at the time when the pnma^ embryo- 

sne 18 a small cell in the centre of the nucleus: m, micropylc. Section of an 
older ovule: «i, micropyle with two poUen-grains on the upei of the nucleus ; 
the primary embryo-sac flUed with cellular tissue. Mogn. 50 diam. 
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wliich one of the cells is greatly enlarged, forming a more or less consi- 
derable cavity (fig. 548, 6), the emhryo-sac. The nucleus is attached 
to the placenta of the carpel to which it belongs "by Wiq funiculus {g) 
OT podosperm. In most cases one or two coats exist, covering up 
the nucleus, forming the internal (c) and external (d) integuments. 
These do not quite meet at the apex, but leave an orince, the micro- 
pyle (e), leading to the point of the nucleus. The region where the 
base of the nucleus is continuous with the coats (/) is called the 
chalaza, the position of which, in reference to the funiculus and 
micropyle, varies in different forms of the ovule (§§ 236-240). 


Ovules of Gymnospermia, 

85.9. The ovules of the Gymnospermia, Pinacem and their allies, 
and Cycadaceae, are produced upon open carpels, so that the pollen- 
grains have direct access to the micropyle (fig. 551, A, a). In Pinus 
two of these occur at the base of the carpellary scale. Each consists 
of a nucleus, with only a single integument (549, A). In this first 
figure the primary embryo-sac is represented in the centre as still 
tery small. Before the pollen-grains fall on the micropyle of the 
ovule, the embryo-sac becomes fillpd up with delicate cellular tissue 
(endosperm-cells). Eig. 549, B, represents a section of an ovule 
with the embryo-sac (e) filled up in this way, and two pollen-grains 
vwhich have penetrated into the micropyle (m) pushing their pollen- 
tubes into the substance of the nucleus. 

In the upper part of the mass of endosperm (e), from five to eight 
cells are found to expand more than the rest, forming secondary em- 
bryo -sacs, These are not formed in the superficial cells of e, but 
from cells of the second layer, so that each is separated from the 
membrane of the primary embryo-sac by one cell (fig. 550, A). 
Those cells lying between the secondary embryo-sacs and the surface 
of the endosperm next undergo division crosswise, so as to form a 
irosette of four cells, which separate at the converging angles, and 
leave a central intercellular passage down to the secondary embryo- 
sac. In this state, these corpuscula, as they were called by E. Brown, 
their discoverer, are very much like Itho archegonia in the internal 
prothallium-structure of Seluginella (§ 848), 

The poUen-fubes travel down through the substance of the upper 
part of the nucleus, and reach the mouths of the canals of the cor- 


tiply and form a cellular mass (6^^^ E), the lower cells of which 
break out through the bottom oi^the endosperm, and grow as four 


one entering eacn (jUg. oou, J5, p t). At tno same time 
"germinal corpuscles ar| produced at the base of the secondary embryo- 
sacs (fig. &50, B, a). These, after fertilization, by th# contact of the 
pollen-tube with the upper end of„.the^sac (p t\ becdme cells, mul- 
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cellular filaments (F, G, H) into the substance of the lower part of 
the nucleus of the ovule. At the ends of these filaments cell-^vision 
again occurs (I) ; and from the apex of one of these msjpensors (§849) 

Fig. 660. 



Dovolopraimt of embryo in ConiferiB (Pimia): A, U]>per part of the' embryo-sac, witli two 
corpuscula or arebegonia; B, the same more julvaneed, the right-hand one with a pollen- 
tube (p t) in its canal and germinal eorpuaclea (a) at th(‘ base; C, I), E, successive stages 
of development of a in B ; IT, G, H, dt'velopment of these cells into suspensors, at the end 
of one of which the embryo is produced, shown in I (c/u). Magn. 100 diam. 


Fig. 561. 


is developed the embryo (I, em). As there arc several corpuscles, and 
each produces four suspensors, a*largo number of rudimentary em- 
bryos are developed ; but usually only one of all these rudiments is 
perfected. • 

That embryo which is fnUy developed gradually increases in size, 
and most of the stnicturos above 
described disappear, so that the 
ripe seed exhibits a single embryo 
imbedded in a mass of cndosjierm 
or albumen (fig. 551, D), the latter 
originating apparently from the nu- 
cleus of the ovule. The radicle is 
covered by a pileorhiza (§ 080), 
which is intimately blended with 
the substance of tho endosperm. 

800. The phenomena presented 
in other Pinacese, in Taxus, and in 
tho Cycadacese agree in most of the 
essential particulars. There appear Ptnu* eylve8tri». a. Caroel with two nake< 
to bo some curious peculiarities in 



the Gnetaceee, which are not yot 

completely made out. In VV ccttfirs- Young pUut from germinated seed. 

c7iia, whoso toomalous structu|:e 

has been described at p. 407, f|e embryo-sacs grow out of the pri- 
mary embryo-sac. 
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Ovules of Angiospermia, 

861. The early history of the ovules of this group is analogous to 
that of the ovules of Gymnosperms, excepting in the particular 

Fig. 552. 


Q n 



Ovules, showing gradual formation of coats over the nucleus and progressive curvature. 


that they arise from the placentas existing in closed ovaries 
instead of being de- 
veloped upon the ex- 
posed surfaces of open 
carpels. 

The ovules arise from 
the placentas as mi- 
nute cellular papiUin, 
which gradually take 
form, and exhibit the 
regions and the modi- 
fications of their ar- 
rangement described 
in an earlier section. 

The annexed draw- 
ing (fig. 553) — actual 
views, drawn to a scale, 
of the dti^’elopnicnt of 
the minute ovules of 
Orchis — illustrate the 
gradual formation of the 
coats &c. Fig. 553, a, 
represents ayoung ovule 
projecting out from the 
placenta, before it has 
Become anatropqus ; the nucleus here consists merely of the embryo-sac 
surrounded by a single layer of cells, which layer is absorbed as the ovule 
grows {p,d)y BO that the embryo-sac consfitutes the whole nucleus of this 
ovule. In o the inner integument partkJly encloses the nucleus ; in h the 
outer integument has grown up over this to a certain extent j and both are 
still more developed in c, where the inner coat has covered up the nucleus 
paving the endostomef § 230), but itself projects from the outer coat. In 
a the oifier coat has grown up over the inner, and the miknropyle or fora- 
men ($ 236) consists of a wide exostome and a narrow endostome, into 
which the pollen-tube (jp t) has penetrated. 


Fig. 553. 



Dev<*loproent of the ovule of Orchig Morio : a young ovule, 
with the nucleus projecting from the inner coat; ft, an 
older ovule becoming anntropoua, with the outer coat 
growing up over the inner; c, section of a more advanced 
ovule ; d. section of on ovule with the pollen-tube (p i) 
passing down the micropyle, and in contact with the em- 
bryo-sac; /, an embryo-sac extracted, with three germinal 
corpuscles ; another, with the end of a pollen-tube ad- 
herent. Magn. about 100 diam. 
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Ovules are seldom so small, or composed of so few cells, as the fore- 
going j more frequently the nucleus is a cellular mass of some size, and 
the coats are composed of several strata of cells. The outer coat is the 
priminef the inner the secundimj of Mirbel. 

865. At the epoch when the pollen is scattered from the anthers, 
the ovule presents the characters which 
are illustrated in fig. 554, which repre- 
sents the anatropous ovule of the garden 
Hyacinth. The nucleus (fig. 554, n) 
is surrounded (in this ease) hy two coats 
(.« &p), which arc perforated above hy a 
canal, the microp^do (m) ; at the base of 
the nucleus is the chalazal region (r), 
wlieiKtc the integuments {sSz- 7 )) arise, and 
wliere the raphe (r), with its spiral ves- 
sels, ends. In the ceiitre-of the nucleus 
is a long sac {e .s), the embryo-sac. 

It is a largo cell, filled with watery 
fluid and protoplasm, and contains at its 
summit the (jerminal corpuscles (cf), 
globular or oval masses of protoplasm, 
one of which becomes the germinal 
vesicle. 

Some authors assert that these corpuscles 
arc*, cells before impreguation ; but we hold 
tliat they are merely corpuscles of proto- 
plasm, or rather free primordial utricles 
(§ 700), like the unfertilized spores of Fucas (§ 832). In fig. 556, A, ev, 
is shown the condition before fertilization in iiantahim. !Most observers 
consider that the germinal vesicles exist before fecundation ; but Tulasne 
inclines to the belief that thev are the first results of that pfrocoss. In 
some cases, at the bottom of the embryo-sac, small cells {antipodal cells) 
have been seen, which have only a temporary existence, and disappear 
after fertilization. The purport of these cells is not known. 

803. The emhryo-sac exhibits different modes of develo])ment in 
different Orders of plants. In the Orchidaeeae the cell which con- 
stitutes the embryo-sac (fig. 553) very soon obliterates the sur- 
rounding cells, here a single layer, and comes to form the entire 
nucleus (c, d, e, f). In the* Composite an analogous condition is 
met with. In the Leguminosae the pmbryo-sac sometimes^expands 
BO as to cause the absorption even of the inner integument. 

On the other hand, it often only occupies a modorute part of the 
nucleus (fig. 564), and may then be a simple cylindrical or oval sac, 
or run out into pouches or diverticula^ as occurs especially in Scro- 
phulariaceie. A remarkable condition occurs in Santalacese, where 

• i 


Fig. f>54. 



Vertical st^etion of the ovule of tho 
garden H^vaoinlh, juat before 
inipr(‘f;natlon ; funiculus ; r, 
rajjhe; e, chalaza; > 1 , nucleus; 
.V, inner »intej;uinent; p. outer 
integument; »». mieropyle; eSy 
embrvo-Kac; e r, germinal cor- 
puseled, oueofwhirh gives origin 
to the embryo. Magn. 25 d^am. 
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the apex of the embryo-sac grows out from the micropylo to meet 
the pollen-tubes, much as in Ephedra or WeU 
witschia, wherein the coat of the ovule is pro- 
longed into a styliform process ; in Santalum 
album and some other plants the embryo is 
developed entirely outside the nucleus, in the 
protruded part of the sac. 

864. Wlien the pollen- tiilKiS are formed in 
the stigma. (§ 856), they gradually elongate 
by growth at the apex into tubes which pass 
down the canal of the style when this exists, 
the latter being sometimes several inches 
long. The time occupied in this growth varies 
from a few hours to a week or two. The 
pollen-tubes mostly die away above as tlicy 
grow below ; and the stigma withers soon after 
the pollen-tubes have penetrated. 

It is remarkable that the stigma remains fresh 
for a considerable time in unfertilized ovaries ; 
and in the occasional ciiseh of development of an 
imfertilized ovule, which has been ohserved in 
some dicecious plants, as C(tlehoffytie^ Jlenip, J/r/*- 
curialis, &c., the stigma does not wither. 

865. The pollen- tubes are exceedingly minute, the diameter 
averaging from to of an inch. But Amici estimated the 
number of polleii-tuhcs formed from the pollen-masses of Orchis 
Morio at 120,000. Experiments have shown, however, that, under 
favourable circumstances, a very few x^ollen -grains suffice for even a 
many-ovuled ovary. Kdlrouter found that when 25 polleii-gr.aiiis 
were placed on the stigm«a of Hibiscus Trionum, lO-lO ovules were 
developed; with 50 or 00 graius, above 30 ovules; and 1, 2, or 3 
at the most sufficed the single ovules of Mirahills Jalapa and J/. 
Imiyijlora, 

The bundle of pollen-tubes proceeding from the stylo is distri- 
buted in fractions, or partial bundles, to the placentas, when several 
of these exist. The pollen-tubes make their way to the points of 
the ovules (figs. 555, <, & 553, d, p and one or two enter the 

micropyle of each., (jiencrally speaking, the tube ceases to elongate 
when it reaches the outer surface of the apex of the embryo-sac. 
Sometimes it runs onwards a little way (tig. 553, ^), often depressing 
the. membrane of the embrj^o-sac a little. According to Hofmeister, 
it actually breaks through into the erabry^o-sac in Canna. In all 
cases it contracts a firm adherence, and possibly a kind of conjuga- 
tion takes place (fig. 550, B). 

866. The arrival of the poUen tube upon the surface of the cm- 


Fig. 555. 



V evtioal 8(‘ction of the ovary, 
ct>ntumiiig ont* ovulr. of 
CarduH^i ft, Imsi' of th«* 
canal of the Hiyio ; o, h<xly 
of the ovule ; p t, bundle 
of pollen-tnbes, deacend- 
in;; from the stigma; 
<‘inl>rvo-Hiu’ ; e, naneent 
embryo. diani. 
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uryo-sac is followed ])y the development of one (rarely of more) of 
the g(‘rraiiial corpuscles (fig. 550, A, e v) into the germinal cell 
(fig. 550, B, e v). 

In ( )i-c]iis, two of tlu; corpuscles are sometimes developed into embryos* 
In CilruAj as may he readily observed in Orange-pips, two embryos are 
very frecpiently fornK.'d in tlie seed. 

Fig. 557.' 



I' ig. floG, 


\n#.T nf Uip i*mbrvO“Sftc of StiKtiilum ulbion i A, just before itupreguatiou. 

Sb* ?) adherent and a cellulose men»brane upon the germinal cell 

m ed so(»n after fcrtilizalum: e, embryo, in the 'Wi'r end ol e#, uit 1 1 i 

cxienml integuiuent ; e/, epidermal layer. 


lucieus; 1 1, luinuc. . 

;e.rutuent.; e epiuennai layer , .a, micropyle; "*• 
i-Mnioulun. it. Sortiou of h.af-ripe b. 4. ,;ith intiTnal 


lieiihiH 11 Section of half-ripe m'ecl, witli uuernai — 

. yo.,« ttllod .vi.h .■ndo^lM-no-coll,: ^ °'condi«?n 

L,yo;.»./hilam; other j^croocc. «. m A- lTh« «H.hpu 

whieli w pwoioneii/ >“ »n,l the^eed consiirt. merely 


the 


which is permanenf in albuminous seeds.) c. oecuon o. » r = .onsistfl merely 
with its epidermal layer. 2 £ 
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867. Tho development of the germinal cell into the emhrjjo ex- 
hibits some variations in different cases. Most frequently the cell 
divides transversely, and the upper cell often elongates (sometimes 
dividing again by septa) so as to form a tubular confervoid filament, 
or mspensor, hanging from the top of the embryo-sac, and bearing 
at its lower end the true embryonal cell, Vhich soon becomes a mass 
of cells, which arc ultimately shaped into a mono- or dicotyledonous 
embryo. This suspensor is seen especially in Crucifcric, 8croj)hula- 
riacesB, &c.; it is a single globular cell m Potamogeton. In Zea, Fri- 
tiUaria, &c. the germinal cell does not elongate at all. In Orchis 
the suspensor grows- out from the micropyle. 

868. Different changes are undergone by the parts of the ovule 
during the development of the embryo (fig. 557). In exalbuminons 
seeds (§ 298), the embryo in its growth destroys all trace of the 
nucleus, and in the ripe seed lies immediately within the coats. In 
seeds with albumen or endosperm (§ 299) the commonest condition 
is for the embryo-sac to become filled with cells which are moulded 
over the embryo internally, and to expand externally until the sur- 
rounding tissue of tho nucleus disappears, or remains only as an 
element in the coats of the seed. The tissue developed in tho 
embryo-sac forms the albumen. In Piperaceoo, Nymph a?aecte, and 
a few other cases a double allmmbn is formed (§ 299), endosperm 
being ff)rmed both inside and outside the embryo-sac, the latter being 
developed from tjie tissue of the nucleus. 

No rules can be given for the homologies of the coats of the seed — 
the testa and tegmen or emhpletira , — ^which are formed either from thf' 
primine and secundine, or from these and the nucleus — and sometimes from 
one alone of them, its tissues undergoing a different development in dif- 
ferent layers. 

r Fertilization, 

869. In the preceding paragraphs the structural arrangements of 
the sexual organs of flowering plants and the manner in which the 
embryo is formed have been described ; it remains now to speak of 
certain curious phenomena that have been observed relating to the 
process of fertilization. Tho existence of distinct sexes in plants 
was inferred by Linnaeus from certain arrangements which he de- 
scribed, and which would favour the process of fertilization, though 
it was soon seen that in many instancies, as in the case of bisexual 
plants, the agency of the win^ or of insects was required to con- 
vey the pollen to the stigma. Except in the instances just al- 
luded to, it was the general opinion that self-fertilization was tho 
rule in hermaphrodite flowers, i, e, that the stamens of any given 
flower shed their pollen on the stigma of the same flower. Sprengel, 
however, and recently Darwin have done much to prove that though 
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a flower may be structurally hermaphrodite, it is usually functionally 
bisexual, and that a greater number of healthy seeds are produced 
when a cross-fertilization between the stamens of one flower and 
the pistil of another flower of the same spoiies is effected. Darwin 
even states that in those cases where self-fertilization is the rule, a 
cross occasionally occurs. 

facts just mentioned may be illustrated by the case of the common 
Primrose, the flowers of which are di- 
morphic : in some the stamens are long Fig. 668. 

and protrude beyond the corolla; in 
others the style is long and projecting, V v 
while the stamens are concealed within 

the corolla. Now the greatest number V^|' i j 

of fertile seeds are formed when pollen 1 

from the long stamens is made (by in- i I (j m 

sect agency or otherwise) to pass, not on m ji A /I { A 

to the sliort stylo of the same flower, I i li III lil 

but on to the long style of another It ■11)1 II B 

flower. f.)ther plants, such as Lythrum Wj|jif HJ il 

Salioaria^ are trimorphic, having styles Wfuf 

»nnd stamens of three diflerent lengths. ii \f 

Reciprocal fertilization is possible be- ® * 

tween any two of these; but the most Polyanthus stamens exserted, style 
perfect fertilization occurs when tlie included.’ stamens 

style of one flower is impregnated wdth 

pollen from a stamen of equal length with itself belonging to another 
flower. t 

Though cross-fertilization is thus shown to be advantageous and very 
general, yet there are some cases where every adaptation seems to he 
iruide with the view of securing self-fertilization, as in the following case. 
In Domheya the staminodes or sterile stamens are longer than the fertile 
ones, and are ondovAed with a pow^er of moveimuit in virtue of which they 
curve downwards and outwards, so as to come into contact with the fer- 
tile stamens, whose anthers open outwardly. In this manntg' the stami- 
nodos become dusted with pollen, and then become uncoiled, assume an 
erect position, so as to come into contact with the stigma, whose curling 
lobes twist round them and receive the pollen from them. 

Hildebrand gives the following arrangement of the distribution of 
sexual relations in flowering plants: — 

A. Male and female organs in diflerent flowrers (diclinous), self-fertiliza- 
tion consequently impossible, and foreign impregnation, accomplished 
by insect agency or wind, indispensable, under this head are in- 


Polyanthns : a, stamens exserted, style 
included ; 6, style exserted, stamens 
included. • 


by insect agency or wind, indispensable. Under this head are in- 
cluded the flowers of dicftcious and monoecious plants. 

B. Male and female organs in the san^e flower (monoclinous). 

1. One sex developed before the other (dichoganious). Those flowers 
in which the male organs reach maturity before the female ones are 
calledsprotandrous, and those in which the female reach maturity 
before the male protogynous ; self-impregnation is thus naturally 
prevented; and fertilization is accomplish^ by insect a^ncy. 
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2. Both soxcs developed at the same time, 
a. Flowers opening. 

i. Anthers remote from the stigma. 

A. Length of stylo on dillereiit indiA iduals of the same species 

diverse (IIdrru.sti/Ua). Self-inipi’egnation is not prev (*nted ; 
hut, in comparison with imprc'gnation througli insect agemw, 
it is either entirely useless lor fruit-formatiim, as in 7V/- 
inomria (rffivimtlis, or ellected only witli unimportant results, 
as in Primula sinensis. 

B. Length of style on dilferent individuals of the same* ap(‘c.ies 

equal. 

0. Sexual organs changing Uicir reciprocal position during the 
development of the ilower. St‘lf-im]ireg!iation avoid(‘d ; 
impregnation by means of insects facilitatc'd. 

00. Sexual organs remaining unaltered in position during the 
development of the tlower. 

t Insect agency necessorvto h'rtiliznlion ; self-impregmation 
in fact impossible, foreign aid indispensable : Orchidese. 
Or self-impregnation ]Hjssible, but not indis])ensii])le, 
foreign impregnation more frequent : Aseh'piadea*. 

+t Inst'ct agency not necessary to fertilization. Self-im- 
pregiiatiou po.ssible, but impregnation also pt'vformed 
• ^ by insects. 

The possibility of self-fertilization is evident — 1, wlu're the ilowers are 
erect and the lilameut.s are longer thiin the styles, as in Vitis^ C/irnojmfliuntj 
&c. ; 2, where the bowers are pendent and the Hlaments ari‘ shorter than 
the styles, as in FritiUaria imperialism Conrallnria mojalisf ; hut as all 
these bowers are visited by insects, cross-impregnation probably ofiem 
takes place. 

ii. Anthers near the stigma. ^ 

* No fruit formt'-d without impregiiation by insects : Conjdalis 

cam. 

It would scarcely have been deemed credible tliat self-fertilization wa.s 
impossible in such an instaueo as Conjdalis caoam where th<‘ antlu rs are 
closely appreased to the stigma, and in which self-impregnation ajipears 
inevitable. In his experiments, however, Hildebrand discov('re(l lliat 
when this plant wa.s secured from the vi.sit.s of insects, ami also wlien tlui 
pollen was artibcially applied to the stigma of the same flower, no fi*uit 
was set. To obtain perfect fruit lie fouml it necessary to impregnate the 
stigmas of one plant with polhm from anotlpjr. 

* * Fruit formed as a result of self- impregnation, but impregnation 

by insects not excluded. 

Instances of undoubted self-fertilization of individual bowers are known 
in the genus Fumariam l^'ahia hdr.sulaj Linum mitatismniimj Oc'/jhalant/wra 
ffrcmdtjfiora, Ophrys apifercim &c. j but the number and quality of seeds 
borne is less than where cross-impregnation is effected. 
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p. Flowers not opening. 

Self-imprognation alone results, every foreign impregnation being ex- 
cluded ; but tlies(i ])lants all have other flowers which open and are thus 
exposed to the poasilDility of extraneous impregnation. 

Th(‘ general conclusions tliat may be drawn from the above facta are 
thus given by tin* author, already cited : — 

1. The arrangements in the majority of flowers are such that no self- 
impregnation can take place, but a transport of the pollen from flower to 
flower is accomplished instead. 

2. Insects an; iieces-^ary in most cases for the conveyance of the pollen. 

d. \Vlu;n the access of a flower’s own pollen is prevented, it necessarily 

follows that self-im])regnation is impossible. 

4. In those cases wlnn-e s(4f-impregnation is possible, or even unavoidable, 
tin; ])ossibility of foreign impregnation is for the most part not excluded. 

0. And in tlu'si; cases insects are active, and accomplish the impreg- 
nation of the flowt'rs. 

(). is probably no flow(;ring plant to which access of foreign 

pollen, at least to a portion of its ilowiTS, is impossible, and continued 
self- impregnation alone possible — therefore no flowering plant which fur- 
nishes a proof against tlio g(;neral law which negatives self-fertilization. 

7. lly expcn’iineiits it has bc(ni found that where, by accident or design, 
the polhm of a llower falls on the stigma of tlie same flower, fertilization 
eitluu’ does not follow, or when it does occur the quantity of seed is less 
than where foreign pollen is employed. 

8. A gradual traiivsition may be traced, starting fronj those cases where 

self-iiupr(‘gnation is utterly impossible, to those wliere it is possible and 
evident, but not to the exclusion of the possibility of a foreign impreg- 
nation of the flowers. ^ 

0. The si'xual relations and mode of fructification do not invariably 
tend towards tlie morpliological aflinities of the flowers. In some isolated 
fainili(‘s the sexual conditions of all members are alike; in other families, 
again, and even geiu'ra, they arc essentially diflerent. The sexual relations, 
tiiertdVjre, have not developed with equal pace and in the same way as the 
morphological relations in the transformation and perfection of flowering 
plants. 

Hyhridization, 

870. The treatment of the subject of the sexual reproduction of 
Plants would be incomplete without some notice of the phenomenon 
of hj/hrldlzatiou, or cross-breeding between distinct species of jflants. 

From the difficulties, arising partly from the minute size of the 
structures, partly from the comparatively recent date of any accurate 
knowledge of the sexual organs of th^ Cryptogamia, we are at present 
only acquainted with a few certain facts in reference to the cross-breed- 
ing of species in that Subkingdora. It has long been known, however, 
that in collections of cultivated Ferns forms spring up from time to 
time presenting new characters, more or less intermediate between 
well-known natural species; and those have been commonly ac- 
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counted hybrids. The discovery of the phenomenon of fertilization 
on the prothallia (§ 845) of Ferns gives a new support to the suppo- 
sition that such plants are hybrids, although the question is still 
insufficiently supported by evidence. 

871. We possess, however, some facts of importance on this sub- 
ject relating to the Fucaceous Algae. Thurct took advantage of the 
extrusion of the germ-cells and spermatozoids (§ 832) in Fucaceac 
before impregnation to collect these separately and experiment on 
the degree to which hybridization was possible. He found that sper- 
matozoids of Fimis serrattts and F, vesiculosm would not fertilize the 
spores of OzothalUa vuh/aris, and vice verm. Neither could the 
spores of Hiraanihalla lorea be fertilized by OzothalUa vulgaris or 
Fucus serratus, nor the spores of Fuciis serratus by the spermatozoids 
of F. vesiculosus. But the spores of F. vesiculosus impregnated by 
the spermatozoids of F. serratus became fertile and germinated ; 
which fact is the more interesting since F. vesiculosus is a variable 
plant in its natural state, while the others named exhibit compara- 
tive fixity. 

872. The existence of hybrids in Phanerogamia, produced by im- 
pregnating the ovule of one plant with the pollen of another, is a well- 
ascertained fact ; and indeed hybrids are produced at will, within 
certain limits, by gardeners. 

It is necessary tj distinguish here between true hybrids, or mules, 
suiting from the crossing of distinct species, and simple cross-breeds {or 
we^w) commonly included under the name of hybrids by gardeners, and 
resulting from the crossing of varieties (§ 311) of ihe same species. 
It is from the last operation that the great majority of the “ h)d)rids ” 
produced in favourite florists’ flowers, such as Pelargonium, Fuchsia, 
&c., are derived- -this cross-fertilization presenting little difficulty, 
and commonly occurring naturally where largo quantities of varieties 
are grown together. 

The ready cross-fertilization of varieties spontaneously, pj(|aces great 
difficulty in the way of growing the varieties of cultivated vegetables for 
seed. The different varieties of the Cabbage, Turnip, Pea, &c. are 
difficult to preserve pure as seeding-plauts in large gardens or seed-grow- 
ing establishments, from the fact of insects and the wind carrying the 
pculen from plant to plant. 

873. True hybrids can, as a rule, only be produced between plants 
belonging to the same genus. When they are more diverse than 
this, they will usually not cross ;«and even within the limits of genera, 
species will not always breed together. 

Generic difference in Flowering plants usually involves difference in 
the structure of the reproductive organs, we are therefore Viot surprised 
at the above statement ; numerous instances, however, occur of the refusal 
of nearly allied species to cross, where we cannot detect any structural 
difierences between them. 
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874. The tendency to cross-breeding is less common than is fre- 
(juently supposed. Ga3iincr, the greatest experimental authority on 
this point, states that in 10,000 sets of experiments, carried on 
during many years, he only obtained 259 true hybrids. It is found 
impossible, for example, to cross the Gooseberry and the Currant 
(two species of JUhes), the Apple and Pear (two species of Pyriis), the 
lUackbciTy and Kaspberry (allied sp^^eics of Ruhus), <fcc. 

besides this peculiar indisposition to hybridize, there exists an 
obstacle in nature, in the greater facility with which an ovule receives 
the iidluence of its own pollen ; Goertner describes this pheno- 
menon under the name of elective stating that when the 

natural pollen and that of another species are placed upon a stigma, 
the foreign pollen remains inert ; and even when the natural pollen 
is applied a little time subsequently to the foreign pollen, it acciuires 
the supremacy, and the embryos prove true, and never hybrids. 

875. AVhen species are crossed, the result from the hybrid seed is a 

plant differing from both parents, bearing more or less relation to one 
or tlie other, as regards form and habit, in different cases. Gardeners 
do not api)car agreed as to the kind of iniiuence exerted by the 
Inalc^ and female parents respectively, in determining the character of 
the mule. Gan’tner states that in hybrids of Diyitalls the mules 
most resembled the female parSnt, ’while in Nicotiam the reverse 
appeared ; and he believes no law can be laid down in regard to this 
point. • 

870. The seeds ripened after hybridizing generally form but 
a fraction of those matured under natural circumstances. Thus, 
according to Gmrtner, hybrids of Verbasewm Lyclinitis >vith V, ni- 
(frim gave but 03 per cent, of the normal number, with V, 
Thapsvs 21 per cent., wnth T. pyramidatum 3 per cent. ; hybrids 
of Dlanthus bar Inf t us with 7^. ylrmmV/ 53 per cent., with J),delto ides 
22 per cent., with I), virgineus 1 per cent., «&c. Moreover dioecious 
plants appear less prone to hybridize than those with hermaphrodite 
flowers. • 

877. The seeds originating from a process of hybridization pro- 
duce plants varying very much in their degrees of fertility. It ap- 
pears that the majority are barren ; in many cases only a portion of 
the seeds formed produce fertile plants ; while in a few cases the hybrid 
plants are nearly as fertile as those of their parent species when 
unmixed. It is observed alio that in fertile hybrid plants the flowers 
earliest opened are the most fertile, ^or sometimes are the only ones 
that ripen seed, subsequent flowers often developing fruits the seeds 
of which are destitute of an embryo. 

This barrenness of the later flowers, from deficient vital force, is in 
gome de^ee analogous to what we sometimes observe in cut flowering 
stems of succulent plants. We have seen the ovary swell, and one or 
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more seeds become extensively developed on a cut spike of Aloe and on an 
umbel of Cnnunij thrown aside to wither. The s(‘eas, however, were (juit(' 
“ blind,” the expansion consisting: of an abnormal development ot the 
integuments of the ovule, the nucleus and embryo-sac remaining un- 
changed. 

878. In some fertile hybrids it is observed that their progeny 
forming the second and third generations become nion^ fertile than 
the original hybrid ; it is noticed, however, that their descendants 
usually exhibit a great tendency to vary in external character, and 
often return more or less to the type of one of the parents. 

Hybrid characters sooni, from the researches of Xaudin, not to be per- 
manent. The plants i*evert, ns above said, to tire type of one or the otluT 
of the parents. What «are termed by gardeners. ?. c. shoots 

differing in character from those on the other portions of the plant, ai’e 
frequently, but not always, due to a dissociation of hybrid or metis 
cliaracters. • 

879. The impregnation of the ovules of hybrids by the polhui of 
plants of either parent species produces more fertile seeds than arc' 
formed after self-fertilization of hybrids. 1'he pr(\geny in such cases 
return more or less to the parent ty])e, on the sid(‘ from wliicli tlie 
pure pollen comes, and by a ri'petitiou of sudi fertilization the hybrid 
characters are lost in a few g(‘neratw)ns. 

It is an interesting fjict that tlu^ ovules of liybrids are sometimes more 
freely fertilized by pollen of a strange but pure species, than by their 
own: thus the hybrid Xicotiana panintlafo-ruKtica^ which usually did not 
ripen more than lil good seeds in a capsule, produced Avith tlu' polhm of 
y, panicuhita 80, with N. rmtioa 20, aiul witli tlie polhai of :V. Lanpa- 
(lorfii (a totally new element in the crossing) 10. lii anotlior experiment, 
Avhen this hybrid produced no sijeds by self-fertilization, 10 good st'eds 
resulted iV<;an crossing with X. LanfjsdorJii. 

880. A « curious phenomenon has been observed in the garden 

plant called Achnni, obtained either by grafting or tiuc 

hybridation of the two kinds of Laburnum, Cf/tisaf; Lahunnnn and 
C. purpureus. The plants have in many instances exhibited a partial 
separation or dissolution of the hybrid characters in the ])rodncts of 
different leaf-biids : on the same tree in Avhich part of tlio hranelu's 
bore blossom of the hybrid character, other shoots occurred, some of 
which had reverted to the character of Optima Lahurnum^ others to 
that of 0, pwpiirem^ the other parej>t. In some of the shoots, 
moreover, unequally combined charactci-s of the parents were obser ved 
in different flowers of the same ‘raceme. 

In some cases it has been found that the reverted or pure shoots bore 
perfect seeds, while the hybrid blossoms were barren. 

Cytiam Adami has generally hoeii supposed to bo an oi’<finary hybrid : 
but it has recently been stated that it originates when C, purpurcxi^i is 
grafted on Cytima Lahurnuxn, offering thus an instance of affection of the 
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stock bv the scion analogous to that of the variegated Jasmine and Abutilon 
refeiTOil to above (§ 8l6j. If this prove true, it will be a most important 
physiological fact, opening a very interesting field for experiniont, likely 
to lead to praijtical results of high value in the cultivation of fruit-trees. 
(^M’taiii sportn of Roses have also been explained by graft-hybridization; 
but these* cas(*s require strict scrutiny before the}^ can be absolutely stated 
to result from grafting. 


Germination, 

SSI. Seeds placed under favourable circumstances germinate. 
They are capable of doing so even before they are fully ripe. 

Tlie conditions favouring germination are the presence of mode- 
rate heat, moisture, and oxygen gas. Water is absorbed; and 
substances contained in the seed are oxidized, with the evolution of 
carbonic acid, .and sometimes of carbonic oxide and ammonia ; and 
the starchy substances laid up in the cells become converted into 
soluble sugar and ready to supply the material for development. 
During this process much heat is evolved (see § 885). 

Muny seeds germinate very quickly when placed in favourable condi- 
tions, especially those of Crucifene, "Grasses, many Leguminosae, Cucur- 
bit ac<\T, c'cc. ; but the period varies, and is greatly affected by the degree 
of heat to wliich they are subjected, the depth of sowing, which, on the 
on(‘ hand, provides against desiccation, and, on the other, removes the 
seed further from the influence of the oxygen of the atmosphere. 

S(‘eds with a har<l pericarp or endt>carp (§§ 24;l, 244) enclosing the seed, 
siicli as those of Rom, CralfPtjm, Almond, or with a hard testa (§ 296), 
Vcf'onm &c., often remain in the ground a year before they sprout, unless 
previously soaked in warm water. lilvery kind of seed germinates more 
freely at one temperature than at another. Seeds are very variable in 
this respect. 

(’henii(!al (dianges are observed in the germination of the spores of 
Gryptugamia: in the resting condition tlu*y contain oil an(i albuminous 
matters, which are decomposed before germination and resolved into 
chlorophyll, dextrine, &c. 

882. The result of germination is the appearance of the organs of 
vegetation — and first of all of the root or radicle, which is to serve as 
the organ of absorption for the new plant. This almost universally 
turns downward, in whatever position the seed may lie, and pene- 
trates the soil (see § 700). 
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CHAPTER VI. 

MISCELLANEOUS PHENOMENA. 

Sect. 1. Evolution of Heat by Plants. 

883. In examinin^j; the cases falling into this section, it is im- 
portant to separate them into two classes : — (1) those relating to the 
proper or specitic heat of plants generally; and (2) those more remark- 
able instances of elevation of temperature occurring at certain periods 
of development in particular plants. 

884. It being a well -ascertained fact that the chemical combina- 
tion or separation of various elements found in jdants is accompanied 
by increase or diminution of sensible heat, and that the jirocess of 
evaporation, constantly going on in dry weather in healthy j)lants, 
is a cause of dt'pression of temperature as the substance from the 
liquid passes off in the form of vapour, it is evident that the proper 
temperature of ])lants, and their organs and tissues, must vary 
greatly according to the circumstances in which they are placc'd. 
Yet, as the evaporation, and the fixation of carbon in a solid form 
from gaseous material — both cooling processes” — are such prepon- 
derating operations in the nutritive and assimilative? ]>roc.esses of 
vegetation, it seems scarcely possible, under ordinary circumstances, 
that pla*nts should have a specitic heat rising above that of the sur- 
rounding atmosphere. 

885. The germination of seeds, in which carbonic acid is abun- 

The different power of conducting heat possessed by the several tissues, 
and, in the case of the woody tissues, Iht? dift’ereiice in the conducting- 
power according to the varying directions of the fibres, together with the 
distuibanceur arising from the unlike conductivity of the fluids and solid 
mattem constituting in the cell-contents, render it very difficult to arrive 
at any general conclusions as to the specific heat of plants. 

From Uutrochet’s experinienfa, made with a thermo-eleetric apparatus, 
it would appear that the specitic heat of all parts of plants in their ordinary 
condition is rather lower than the temperature of the surrounding atnun 
sphere. In cases, however, w here evaporation was prevented by placing 
plants in an atmosphere saturated with moisture, tin? temperature some- 
times rose from to } per cent, above that of the atmosphere. More- 
over a rise and a fall toolc place in the coyrse of tw^ent}^-fbur hours, the 
maximum occurring bt;tween ten and two in the day, the ininimiun at 
midnight. It was further observed that the specific heat was only dis- 
coverable in the soft or green parts, not in the woody structure's. 

The experimentspiiowever, which have been made to determine these 
points are by no means conclusive. It seems probable that^the increased 
neat obser\'ed in the structures of plants when evaporation is restrained 
depends upon the slow combustion of carbon, which is enabled to manifest 
itself when the cooling influence of evaporation is removed. 
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(laiitly evolved, is constantly accompanied by a rise of temperature, 
wliiedi is satisfactorily accounted for on chemical principles; and the 
heating ” of heaps of germinating seeds is the more marked in con- 
s('quencc of the fermentation” j(or decomposition through contact- 
action, § 741 ) by which it is always accompanied.* 

{^80. The most remarkable instarfbes of evolution of heat are those 
which occur during the flowering of plants. This rise of tempera- 
ture a])pcars to take place in all cases; but it is most strikingly 
displayed, of course, in plants which have a crowded inflorescence, 
and above all when this is surrounded by a structure confining the 
liberat(‘d heat, as in the spathes of the Araceae, on which many ob- 
servations have been made. 

Arum macuhttumj A. italicum^ A. DracimculuSy Richardia athiopicaj Colo^ 
rusia odoruy c'tt*., the male inflorescence of Cf/cas circinalisy the large solitary 
flo\v(‘rs of (Vu fus tjrandijloruiiy Rujnonia radicansy Victoria regiUy &c. are 
aiJioiig tlie recurd(;d plants in which the rise of temperature has been 
(jbserved. * 

The greatest evolution of heat, after the opening of the spathe 
of Aracca', is at the part where the male flowers arc situated: after 
the pollen has been discharged, the upper parts of the spadix grow 
wariiicr, and the lower parts cool gradually upwards. 

Experiments made to ascertain the cause of this heat lead to the 
conclusion that it is attributable to a process of combustion. Saussure 
found that the flowering spadix of Aniui mamlatmi abundantly ab- 
sorbed oxygen ; and Yrolik and DeVriese, comparing the temperatures 
attained by a spadix placed in oxygen gas and by one placed in common 
air, found that the former always exceeded ihc latter, while a spadix 
kept for a longer time in nitrogen gas did not manifest any increased 
temperature. 

88?. Connected with the subject of the temperature j>f plants are 
the interesting observations of Alph. Do CandoUe on the different ex- 
tt'rnal temperatures required by different plants to stimulate them 
into either vegetative or reproductive activity. It is well known 
that any given plant will require a certain sum of heat during a 
season to enable it to go through its whole course of development, 
and that under certain limits the course of development w ill be passed 
through proportionately more quickly in warmer climates. Further, 
it is known that most plants of warm climates are killed by certain 
degrees of cold. Hut it is further observed that certain temperatures, 
insufficient to injure plants, are ^t the same time insufficient to 
start ” them into growth, and that different species of plants have 
different constitutions in this respect ; while, in the other hand, 
excessive teJmperatures may render plants barren by over-stimulating 
vegetative action, as is observed in the Vine in the tropics, and 
commonly also in badly managed exotics in our hothouses. 
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Sect. 2. Luminosity. 

888. Til most botanical works we find noticed the observation of 
the danpjhtcrof Liniueus, tlifit she perceived a peculiar flashing lumi- 
nosity of the flowers of Tropceolum majm on a hot summer’s night — 
together with a statement thilt ♦the same appearance has been ob- 
served in the orange Lilies, Sunflower, Marigolds, i&e. The fact 
that all physiologists, from Saussure downward, who have sought to 
repeat those observations, have failed, and that the ajipearanco is 
always assigned to orange or red flowers, leads to the belief that the 
statements are founded on error, arising from the peculiar eflect of 
these tints upon the eye. The influence upon the eye of the brilliant 
orange and crimson flosvers of some of the libododendrons and 
Azaleas now gi*own in our gardens is very similar to that of looking 
upon a luminous body. The asserted luminosity of flowers is cer- 
tainly at present a very questionable matter. 

889. On better authority, namely of TTamboldt, Nees von Esen- 
beck, Unger, and others, rests the fact that the tballus of some Fungi 
is luminous in the dark. The imperfect tballoid structure described 
as lihizomorpha suhtermnen^ occasionally met with in mines, exhibits 
upon its ramified structure points which possess an irrcgulai* phos- 
phorescence, sometimes rising to siKih a degree of luminosity as to 
enable surrounding objects to be distinguished. According to Ungt‘r\s 
observations, the li^ht is not emitted from decaying matter, but from 
a peculiar supeiiicial layer of cellular tissue. 

Phosphorescence has been ohserved in other my(*olia, and it is also 
exhibited in the perfect Fungus of Atjanensi olearins and other speei(‘s. 

Rotting wood is well known to be often phospliorcscenl ; and sonH» 
authors state that this does not depend iipfm tlu^ presencct of Fungi ; but, 
seeing the proved occurrence of phosphorescence in the mycelium of 
Fungi, it is most probable that the luminosity is attributable to* them, 
especially as it is removed iri’ecoverably by drying up the damp rotten 
wood. 

890. The statement that the Mo.ss SeJustoffterfa which 

grows on the roofs of caves, Ls phosphorescent, has been declared b)' 
Milde to be erroneous. We could detect no trace of it in observations 
made some years ago, and wc agree with Milde in attributing the 
appearance to the glistening caused by the reflections and refractions 
of light on the. wet surface of the eelluJaij leaves. 

According to Martins, the milky juice of Knphorhia phosphorea 
becomes luminous when removerkfrom the plants and heated gently. 

Sect. 3. Movements op Plants. 

891. The absence of the phenomena of motion was formerly 
imagined to constitute one of the distinguishing characters of plants 
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as contrasted with animnls; but, in fact, members of the Vegetable 
Kingdom not only exhibit partial movements of their internal or 
cxternjil stnictures, but in some eases the entire organism has the 
power of locomotion. 

The movements, however, of different plants are dependent upon 
very diverse causes, some of them being entirely mechanical, and due 
to physical affe#ions of the tissues })y the conditions of the surround- 
ing atmospluTc, and to alternat<' conditions of turgescence and 
exhaustion ; others are mechanical in appearance, but excited by 
causes which simple physical laws will not explain ; while a third 
kind dejxmd upon the contractile (Quality of the protoplasmic sub- 
stances, which gives rise to automatic mov'cmeiits comparable to those 
of the lower animals and to the ciliary motion found in particular 
tissues of the liighest animals. 

To the first of these classes belong such i>henomena as the 
bursting of seed-vessels, anthers, &c., attributable to the hygroscopic 
conditions of the tissues, which, posscv^siug unequal power of imbi- 
bition and unequal elasticity, are torn apart or curved in various 
ways by unequal contractions and expansions, caused by access or 
abstraction of moisture. These are cases of what is called in 
common language “ warping, and can scarcely he regarded as vital 
])h(‘nomena. being definite modes of destruction of dead structures, 
resulting from special structural conditions. 

The second class of movements are those exhibited periodi- 
cally, or under 8])e( ial stimulus, by the ('xternnl organs of plants, 
such as the sleeping ” and waking ’’ of leaves and flowers, and the 
movements of the Sensitive Plants, &c. To these may perhaps be 
added tlu' less striking, but not less enigmatical, movements which 
ean.s(' th(‘ twining condition of stems &c. 

The movements of the third class are those already adverted 
to in former sections, where the protoplasmic matter of coll -contents, 
or free bodies, such as zoospores, sperraatozoids (§ 737), or even 
])(‘rfect individuals, such as DesmhUecr*, Oscillatoriacea? (p. 439), ex- 
hibit t;em])orary or permanent power of locomotion. 

The rotation of the protoplasmic coil-contents (§ 736) doubtless de- 
pends upon (imperfectly understood) causes similar to those which 
render many of the simpler plants locomotive ; and the movements 
exhibit the closest resemblance to those of some of the Protozoa in 
the Animal Kingdom — in pifrticular, of Amwha and its allies. The 
locomotion of free products of the celVeontents, such as zoospores and 
spennatozoids, is generally immediately resultant from the movement 
of cilia existing upon their surface ; and the same statement applies 
to the locomtftion of the “ cell-families,” which form the represen- 
tatives of species in the Volyocinese (p. 440). The locomotion of 
the Oscillatoriacese and Diatomacem (p. 439), however, does not 
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appear to he effected through the agency of cilia; at all events 
no such structure can he detected with our present means of ob- 
servation. 

The ciliary motion of the unicellular plants and reproductive bodies is, 
although inexplicable, a more general phenomenon ot life than the move- 
ment of the Diatom ace«e &c., where these organs are not detected. Some 
authors incline to regard the motion of Diatomacem a4>lependeiit uiam 
osmotic currents, resulting from the interchange of matter bt?t\veen the 
cell-contents and the surrounding water. 

895. Movements of various kinds, more or less mechanical in 
appearance, take place in the higher plants through the poorer of 
imbibition and the elasticity their tissues; these movements are 
generally immediately produced by stimuli of various kinds disturbing 
the equilibrium in the tissues. 

Great difference in the power of imbibition exists in different kinds of 
cellular tissue — colleuchymatous tissue (§ 619), for example, swelling out 
when wotted, and contracting when dried, far more than woody structures. 
Exporimonts have shown that the degrees of expansion and contraction 
vary in different plants and tissues of plants in a range from to \ 
the diameter of the cells, in cases of great contraction a wrinkling of 
the cell-membrane is generally involved. . 

All living cell-membranes po.s.sess 1i certain degree of elasticity ; and 
consequently a certain amount of difference of dimensions is depemhuit 
upon the degi*ee of tension or turgescence of the cell from the presence of 
Huid contents. Cells in which osmotic processes are going on are con- 
stantly in a slate of greater or less tension. 

The expan.sion of cellular tissiu* through turgescence, permitted by the 
elasticity of the membranes, appears to have a much smaller range than 
the expansion by simple imbibition. The experiments of Unger and of 
Brucke give a range of to j. 

896. ID is evident that the elasticity of parenchymatous tissue's 
must be capable of exerting influence on the position, form, and 
direction of the organs of which they form part. Supposing a tissue 
tb be uniformly developed, its expansion through turgescence need 
not alter the general form, nor the relative position of the parts ; but 
if unequal endosmoso take place in different parts, cau.sing distur- 
bance of the equilibrium of turgescence, curvature and distortion 
must ensue. Again, if an organ is composed of regions in which the 
tissues differ in degree of elasticity, may suffer a disturbance 
of the equilibrium of turgescence still more readily ; and this is pro- 
bably the cause of most of t\td automatic movements of organs of 
plants. 

897. The equilibrium may be disturbed by various stimuli, mecha- 
nical and chemical. Wlien an organ is strikingly atfedted by mecha- 
nical influences, we have the phenomenon of “ irritability,” such as 
we see in the Sensitive Plants, Dionasa, &c. The ** sleep” of plants 
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is doubtless «a phenomenon differing only in degree ; and this slower 
movement is proba])ly attributable to the chemical action of 
light. 

SOs. Ihe movements of plants consist for the most part of the 
curvature or the folding-up of organs; and in such cases the organs 
are always found to possess certain peculiiarities of structure and 
mode of union fb other organs. 

The movements take place periodically (in consequence of the 
regular altiuntitioiis of external influences), or irregularly (from the 
aceidi'iital influenije of special stimuli). 

SHO. Periodical movements are more particularly connected with 
the intliu'uce of* heat and light; and their degree is generally more 
or l(‘ss jiroportioiiate to the intensity of these influences. 

I'hc most C()mmon kind of movement is that in which expanded 
leaves or floral (mvelopc's yeturn to the position wdiich they originally 
occupied, or close up into the same folds which they exhibited in the 
Imds. 

(\)nipound lpa\es, like those of Legiiininosnp for instance, display a 
simph‘ or compound moveinciit; in tln.^ Jk‘an {Fahn rulf/aris) the leaves 
Ibid upwards, in Lupinjfs downwards, in Tamarindm to the side. In 
Antorpha fruticosa and (xfediffichia JnacatdhoH the rachis or common 
p(‘tiol(‘ of ihc compound leaves rises or sinks, while the h‘ailots turn down- 
wards or to the side. In Mimosa pudica the leatlets fold together, the 
partial petioles approach each other, and the rachis oi;niain petiole sinks 
down. 

Wlien such movements of leaves or foliacoous organs occur 
at particular hours, and tin* structures remain in the new position 
until the recurrence of a particular period, the closing up is called 
the.s/cc/^ of plants, wliich is observed both in green leaves and in the 
pidals of flowers. ^ 

The epoch at which the movements take place is very varied. 
Ordinarily, leaves expand in the daylight and close towards even- 
ing, while flowers ('xhibit a great diversity of habit in this respect— 
so much so, indeed, that Linnoeus was enabled to draw up a list of 
flowers, fancifully termed a “floral clock” (horoh(pam Fhwee), in 
which a periodical movement (opening or closing) marked each suc- 
c(M‘ding hour. 

Ipomwa Nil and Cah/stef/ia septum open their flow'ers at 3-4 a.m. ; Tra- 
fptpoijon at 3-4 a.m., closing njfain before noon ; the Npmpheee, Nttphar, 
Ijuiaca, &c., about ti a.m. ; Anatjallis urvt*nm, 8 a.m. (dosing again when 
the skvis overcast); Ornithof/alutn umbel fafmn ,11 a.m.', Mosembryanthace® 
generally about 12 ; iStlftie noeti/lora, (Enothera biemiis, Mirabilts Jalapa, 
SlC., 5-7" P.M. ; Cereus grandiftonts &c., Datura, Mesernhyanthemum noc^ 
tijlorum^ &c., >-8 i».M. ; Victoria regia opens for the first time about 6 p.m., 
and closes in a few hours, then opens again at G a.»i. the next day, re- 
maining open until the afternoon, when it closes and sinks below the 
w’ater. 
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Some closinjr flowers may be caused to open by exposure to stronp: arti- 
ficial light (Croct(.iy Gentiana vernd)) on others (Concolvulus) this has 
no effect. 

901. In most of the periodical movements the motion is very 
slow ; but certain exceptions to this exist. Thus in the leaves of 
Desmodium (jtfrans and other species, the Inhellum of Me<iadmhirii 
falcatum, the styles of fStj/lidium adnaftmi, and others^ the move- 
ment is quick enough to be directly perceptible. 

In Desmodium gyrans (the Telegvaph-plant) the trifoliolatc compound 
leaf has a large terminal leaflet, aiii a smaller one on t'ach side. When 
this plant is exposed to bright sunlight, in a hothouse, the end leafh't 
stands horizontally, arid it falls downward in the evening ; but the lateral 
leaflets move constantly during the heat of the day, adi ancing edge^first 
towards the end leaflet, and tlnn retreating and moving towards the liase 
of the common petiole, alttumately on each side, in a manner very well 
compared to the movements of the arms of the old semaphore t('li*graphs. 
In MegacUnium faleatiim (Orchidace.T), when exposed to sufticient heat, 
the labellum rises and falls slowly in periods oi several minutes ; this 
structure is also irrifnhlej and moves more quickly, with an oscullatory 
motion, when touched. 

902. Irregular or initable movements take place in a great variet y 
of plants, of which the following paragraph contains the most 
striking examples : — 

Leaves: The ^^Hensitive Plants” {Mimosa fnidica, sonsitivaj ca4a^ and 
many other species) ; Il'ich gnomene somitivay indica, pmuila ; Smithia settsi- 
tiva; DesmanthKsstolomfWy triquetriA, lactfstri'<; Oxalis seadfivaj and, in hiss 
degree, Oxalis stricta, AcefoseHuj cornmdaU/f Deppei, &c. ; liohinia Pseudo^- 
acacia folds its leaves wdien violently shaken in the morning ; lastly, 
Dioncea mmcipula^ the Venus’s Fly-trap. 

In the case of the sensitive plant {Mhnosa pvdica) there is a swelling 
at the base' of the petiole, the cells of which constitute, as it were, two 
springs acting in contrary directions, so that, if the one from any cause he 
paralyzed, the other pushes the loaf in tlie direction of least resistance. 
These springs, if they may be. so called, are set in action by the rusli of 
fluid creating a turgid state of the one set of cells and an empty state of 
the other. What circumstances regulate the turgescence are only im- 
perfectly known. The spontaneous slow movement wliich occurs at 
stated periods (movements of sleeping and waking) is different from the 
sudden motion caused by external stimuli. Ether paralyzes the latfi^r, 
but has no effect on the spontaneous movements. There is no special 
contractile tissue in these plants. ^ 

Stamens — curving towards or ajvay fronj the stigma and dehiscing when 
touched ; Berheris vulgaris and other species, Parietaria judaica, Spar-- 
mannia africanay Cerem grandiflomsj Ilelianthemum vulgare and other 
species, and various plants of the tribe Cynareee (§ 443). Other curious 
movements of the stamens and pistils, and also of the staminodes, are 
alluded to under the head of Fertilization (§ 869). 

; Goldfnssia anisaphylla, Martyniuy Mimulm Letmiij &c. 
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Tlie peculiar movenieuts of the pollen-masses of Orchids have 
already been allnd(*d to (]). 388). Another illustration from Orchia 
jHfranndaJii^ Tiiixj here he given. In this plant the two caudiclcs of 
the pollon-in asses arc connected together hy a saddle-shaped disk, 
the pollen-niassos when in the anther being nearly -vertical in direc- 
tion and parallel one to the othcir. When removed from the anther 
by the prol)oscis of an insect or the point of a needle (fig. 559, a) the 
saddle-like disk contracts so as io attach the 2 >ollen-mas 8 to the 
needh' &c. Then occurs, first a divergence of the two 2 )ollen-m asses 
one from the otlier, and subsequently a depression, so that they 
assume a nearly horizontal direction (tig. 559, h). In this position 
they arc so jdaced as to come into contact with the V-like stigma of 
another llower and thus effect cross-fertilization. 


Fig. 559. 



904. Those movements of young stems and appendicular organs 
hy which they coil spirally round bodies sup 2 )orting them are 
attributed by some authors to a kind of irritability, the stimulus of 
the contact with the su])porting body causing the growing stem to 
curve itself ov(T continually, producing ultiin at cly a coiled condition. 
The direeftion of the turns of the coil, right or left, depends ujmn 
sjiecial tend(‘ncies of the 2 )articular jdants, some (llo])) turning to the 
right band, others (Coyivohndus) to the left (the observer sui)posing 
himself to stand in the axis of the sjural). 

995. This exjdajiation of the coiling of stems is not very satis- 
factory, nor arc those which are offered of the curvature of the 
growing-points of plants and tlio u}>i)er faces of leaves towards 
the light. If a leafy shoot of any plant is bent down, without injury, 
so as to reverse the usual position of the faces of the leaves, the 
latter will twist ujion their Ipetiolcs and turn their up 2 )cr faces to 
the light. Shoots of slonder-stemined, quick-growing plants, such 
as the Jasmine, Awpelopsis, &c., when trained into a dark recess, 
turn their growing-point backwards in a sharp curve, and grow 
towards the ^ght, the leaves on the older part of the stem also twist- 
ing round to face the light. The influence of lateral light is di- 
stinctly seen in plants grown in rooms, in front of windows ; while 
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the drawn-up ’’ condition of closely planted trees is an equally evi- 
dent result of preponderating top-light. 

The phenomena of the movements of climbing plants, including the 
spontaneous revolving movement of tendrils &c., and that dependent 
on contact, have boon studied in detail by Mr. Darwin, who has 
shown that organs of the most diverse morphological character may 
nevertheless exhibit the same phenomena. The movement of de- 
pression in the branches of trees in frosty weather has been investi- 
gated with great minuteness by Professor Caspary ; but the inducing 
causes of the movements are at present imperfectly known. 

It appears, from the evidence at present existing, that the blue and 
violet rays are the most efficient in causing the growth of stems &c. towards 
the light. It is certain that the result is not produced by any attraction 
comparable to magnetic action, but by influence on the development or 
turgescenco of the tissues, since experiment has shown that seedling 
plants freely suspended or floating in water are not mechanically moved 
towards light admitted to them from a particular point in a dark 
chamber. 
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PART IV. 

GEOGKAPHICAL AND GEOLOGICAL 
BOTANY. 

CHAPTER I. 

GENERAL CONSIDERATIONS. 

006. Tlio object of this department of Botany is to determine the 
laws which rule over the Distribution of Plants in Time and Space. 
This abstract study is founded upon the hicts furnished by Botanical 
(/oo^rapliy and Geology, or the (jpscription of the present and past 
conditions of the Y^cgetable inhabitants of the glolie, and, in return, 
supydies those bran eh os of practical inquiry with principles by means 
of which they may be systematized. • 

Botanical Geotjraphy^ which imdertake.s the description of the pecu- 
liarities of the vegetation occurring at pre.sent upon the earth’s surface, 
and Botanical Gcoloyy, wdiicli pursues the investigation of the conditions 
of vc'getalioii which have siicccssivelv existed in ditferent Geological 
epot lis, deal witli facts so far distinct in tlieir character that it is most 
coiiveiiieiit to treat of them separately ; but the are common 

to both, and may he taken as one subject. * 

Explanations of the facts which arc obtained by geological inquirie.s 
can only bt‘ securely founded, either directly or indirectly, upon laws de- 
rived from facts furnished by experience of existing phenomena ; hence 
the principle.s laid do\\Ti in the present chapter are for the most part 
only actually valid in relation to existing conditions, and, the subject yet 
being in its infancy, are mostly only speculatively applied to the elucida- 
tion of geological phenomena. 

Sect. 1. Influence of IIxteknal Agents upon Vegetation. 

Clhnate, 

907. Pin Ills arc endowed with means of difihsing themselves, more 
or less efficiofttly in ditferent cases, over the surface of the globe ; but 
in most cases their existence is limited to certain regions or countries. 
Geographical obstacles prevent their spreading indefinitely : — some 
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subject to be overcome by iiceideiital influeiici’s. siieli as seas intir- 
veiling betvreen countries, amt tbe like ; otbers wbicli can licit lu'r be 
conquered nor evaded, such as wbicb lixes unalterable limits 

to the stations which ciin ho pormanontly ocoiipii‘(l hy sj)t'ci('s. 

908. That Cold and Heat, Damp and Hronght, intensity and dn- 
ratioii of Light, the chief constituents of what w<' call ('liinate, arc 
the most important of the external iniluences acting upon jdaiits, is 
a fact manifest not merely from the conclusions at which we Inive 
arrived in the study of Yegetahle Physiology, hut one which is re- 
vealed by the most slender experience of horticulture and tlio most 
superficial acquaintance witli physical geography. 

The nature of the soil doubtless has also much influence on the 
distribution of plants, dependent less, probably, on ‘its chemical com- 
position than on its mechanical constitution and liygronu'tric state. 

909. Every species of plant fiourishes Ix'st within a ccrlain range 
of temperature, beyond which, on both sidc^s, it either suffers from 
summer heat or is killed by winter cold. 

910. If the earth’s surface were of uniform character, we might 
expect to find forms of vegetation arranged in bands or zones suc- 
ceeding each other from the equator toward the ])ole.s, each occii])ied 
by plants “ hardier” than those of its equatorhil neigliliour. 8u(;h 
zones of vegetation have in fiict been laid down hy l)otani(‘al geo- 
graphers. Meyen drew np a plan, in which a numb(‘r of zones 
wore marked down, defined on each sid(‘ hy linos passing round the 
earth at certain parallels of latitude, between which a certain average 
climate was assumed to exist. 

But, from the want of uniformity of the surface of the globe, the 
isothermal lines, i. e, linos passing through spots which have an equal 
annual temperature, hy no means corn^spond to ])arall(‘ls of latitude — 
the distrilvition of land and sea, and the alterrnitioii of jdains and 
mountains, deflecting such lines to the north and south, sometimes 
to a very great extent. In addition to this, from the diveu-sity of 
habit of plants, they are differently aflcctcd by heat and cold, and 
the distribution of species is far more influenced hy the summer and 
winter temperature than by the entire amount of lieat received 
during the year. 

Nevertheless, as a general rule, plants have a jwlar and an equa- 
tor ml limit, fixed by temperature. 

Temperature as regards plants may be divided into useful, useless, and 
injurious or destructive. Each plant n quires a certain sum of heat to 
live, so much more to flower, more still to ripen its fruit, Within cer- 
tain limits it is immaterial whether the plant get this h(*at in a short period 
or diffused over a longer time. Temperatures below 32^ E. are useless to 
most plants (that is to say, vegetative action is arre^sted) ; but many sur- 
vive at a much lower temperature. Every plant Las a zero of its own. 
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1)1 1. All iiiiyjortant qiialific.'ilioii arises from the existence of high 
inountuins within tciiipcratc and tropical latitudes. The tempera- 
turi'. of t.1>c soil and atinosphorc diminislics with the degree of ele- 
vation above the surface of tlu? ocean ; and a succession of limits are 
louiul UJ)0I1 thn sides of lii^li mountains comparable, and in a great 
degree proportional, to the polar and ccyuatorial limits of plants, 
^lountiiins situah'd in the tropics possess zones of climate which, 
at successive elevations, resemble horizoiital zones situated between 
th(^ iiase of the, mountains and the poles. 

hl::^. ^Foisture and drought are only to be called secondary climatal 
inilii(‘ii(a!s, iroiii ilie circuTiistance tliat they depend in a great mea- 
sure upon temp(‘r;iture, either directly or indirectly. In the Arctic 
regions and iip(»n niountaiu-tops, covered with eternal snow, there is 
drought fnuu ih(‘ solidilieation of the water. In temperate and tro- 
pical ri'gions the di grec of humidity is dojiondent not merely upon 
temperature, hut uj.oii this eomhined with the configuration of the 
surface of tlu‘ earth and the nature of the soils. Wherever the tem- 
pc'rature of the atmosphere is above the freezing-yioint of water, it 
tak(‘s up a((m‘(>us vapour : oven ice evaporates in warm air; and 
water evaporates in jiroportion to the temperature to which it is 
ex post'd. 

The ocean, es])e(‘ially in warm latitudes, gives up vast quantities 
of atpieoiis va])our to the atmosphort*, whitdi it delivers in very 
various Avays to the land regions. Islands and opasts in general 
have a moist eliinale, w hile the interior of continents is dry ; but 
tbese rules art' interfert'd with by currents or prevailing winds, 
carrying air loaded with moisture in particular directions. As an 
(^xaiiqdc of this, Ave lintl the Avest coast of Europe AA*ith a much 
dampor climate than the opj)osite east coast of America, OA\dng to 
tlii^ (iulf- stream and tlu‘ Aviiids hringiiig the moisture of West- 
Intliaii Sea in a norlh-Avest eiirrent on to our coast. On the con- 
trary, the ])revailing Avinds hluAv otf the Avest coast of North Africa, 
ainTthose jveeived on the north-east side come from over dry land, 
Avliencc a vast tract of land lying in this continent becomes an arid 
des(‘rt. 

'Jdu'rc is a great difference also betAvoen mountainous and flat 
count rios. The (!old upp(*r regions of tropical mountains arrest the 
prevailing currents of air and precipitate the moisture Avliich they 
contain. Ihan^e the tracts at the foot of mountains are Avell supplied 
with moisturo if the altitude is su%ient, as at the south slope of 
the Himalayas and the east slope of the Andes. vEtna, Avliich does 
not reach the line of perpetual snow in Europe, has arid and barren 
slopes in the i*pper regions. 

Those very general indications of climatal influence must suflice here 
to show how iirfJ)ortantly vegetation is aflected by physical influences. 
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A complete account of this branch of the subject would req^uire a volume 
for itself. 

913. Of all the influences to which plants are exposed, climate is 
the most important ; it sets absolute limits to species, which is not 
the ctise with any other of the causes affecting distribution. 

Secondary Natural Influences. 

914. There is no doubt that the distribution of plants is greatly 
affected, by the conveyance of seeds, fruits, ifec. from place to place 
within the same climatal region, by marine currents, rivers, winds, 
&c., and by animals,, especially birds. 

All example of diffusion by marine current.^ is furnished by tlie occur- 
rence of the Cocoa-nut Palm fringing the islands of the Pacihe ; and it is 
probable that the mixed vegetation of many islands is to be accounted 
for in part by such causes. Marine currents are of most importance' when 
they pass alon^ coasts, or across tracts of ocean in similar latitudes — such 
as that part of the tTiilf-stream running in the Mexican Culf, the cur- 
rents running from Madeira to the CanarievS, from tlie last to SeiKigal, 
the east-to-west current of the Society Islands, ^c. Kivt?rs will also bo 
most influential when they flow from the east or west. Currents of any 
kind passing northwards or southwards arc' less likely to convey seeds 
&c. into a suitable climate for their Maturalization. 

The winds do not appear to be very inttiumtial in transporting Phane- 
rogamous plants ; but the cosmopolitan distribution of the Cryptogamia 
is at leak partiaKy attributable to the facility with which their micro- 
se(n)ic spores are earned away by currents of air. 

Icebergs probably have some .share in diffusing plants, since tliey are 
often found loaded with mas.ses of earth containing seeds, which they 
occasionally cast upon strange shores. There is reason to believe that 
this kind of inlluence was far more actively at work in North Europe in 
the geological period preceding the present. 

The transport by animals takes place partly through migrating birds, 
partly by quadrupeds which have wandering habits. Among birds, many 
of the omnivorous kinds (for instance the Thrushes) migrate from north 
to south in autumn, at the time when berries and similar fruits are rijie, 
and they often void the seeds of these fruits little altered. Animals 
which, like the northern Reindeers and the Buffaloes &c. of other lands, 
travel from place to place in troops in search of food, doubtless often 
carry seeds and fruits adhering to their fur into new localities. Flocks of 
animals transported through human agency become more fruitful sources 
of this influence. 

915. Animals may likewise greatly affect vegetation in the way 
of limitation. The invasion hf a region by flocloj of graminivorous 
quadrupeds, the sudden appearance of plagues of locusts or any 
other of the numerous insect enemies of vegetable J^ife, may quite 
change the character of the vegetation of a district, somewhat in the 
manner in which a totally different assemblage of plants springs up 
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on the ground cleared by burning the primaeval forests of South 
America. 


Effects of Human Interference, 

916. The results of the activity of man display themselves in both 
extensions and limitations of the distribution of species. 

From the time of the earliest migrations of the human race, cer- 
tain plants must have been in a condition of constantly increasing 
diftiision. Th# native countries of our Cereal grains are not satis- 
factorily known : they have been or arc cultivated wherever they 
will grow in Europe and the adjoining parts of the other continents. 
Doubtless many of what we call weeds have shared in the transport 
of the seeds of useful plants, having been either mixed with them or 
accidentally adherent to the clothes, goods, or domesticated animals 
of the wandering races. 

Transj)ort of tliis kind would be still more active as agriculture 
extended ; and wars, the improvement of navigation, the discovery of 
the JN^cw World, and countless minor events contributed to increase 
the interchange of the natural products of ditterent regions, either 
intentionally or by accident. 

Systematic cultivation of land^s peculiarly favourable to the in- 
termixture of new elements in the floras of parlicubir regions, from 
the fact that seeds of many varieties of useful plants are constantly 
imported from climates where tliey ripen better or jan be kept more 
easily at a higher standard of excellence. 

Clover-seed, for instance, is largely imported into Britnin from France 
and Cerinany ; many of the weeds of our arable lands have doubtless been 
introduced with foreign seed, such as Adonis aHtnmnaJisy Veronica Eux~ 
hamnii, Paparer somniferiimy &c. Balhist-heaps at sea-ports, where vessels 
returning home from foreign countries discharge their balla|t, have be- 
come frequent sources of new importations; and merchandise, such as 
cotton, but especially seeds, fruits, dye-stuffs, often conUiins seeds of 
plants, some of which now and then at^quire a footing. 

Horticulture is so evidently one of the most important influences in 
the diffusion of plants, that it is scarcely requisite to dwell upon it. 

918. On the other hand, human industry has a great tendency 
to exterminate particular forms of vegetation, or, at least, to greatly 
affect their relative predominance in a given region. The destruction 
of forests for the purpose of |clearing land for cultivation changes 
the whole face of vegetation, alid evpn, to some extent, affects the 
local climate. 

Instances of change of this kind might ho furnished from almost every 
part of the gl<lbe. North Europe was clothed in early times of the pre- 
sent period with dense forests, long since cleared away to give place to 
cultivated plants and a multitude of wild plants suited to the different 
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conditions of the soil. The forests of North America are, in like manner, 
disappearin'^ by degrees under the hand of man. 

The change is not merely one kept up by ji continual ellbrt of cultiva- 
tion ; the original \ ogotation doe.s not always reestablisli itself wlnm the 
rt?giou is deserted. New kinds of plants spread over the cl(;ared ground 
and new animal inhabitants come to check the ellbrts of the old forests to 
renew themselves. 

Sect. 2. Influence of tue Laws of Development of Plants. 

910. Tf wo leave out of view the question of the origin or creation 
of plants, there is iio reasoti why any given species should not exist 
ill all places whore the climtito is suitable. 

Some kinds of plants are, indeed, very widely spread over tlie surface of 
the gh)be. Dr. H(M)lver 1ms enumerat('d upwards of oO specie's of Flower- 
ing plants common to Northern Europe and the Antarctic regions. A 
considerable iiuinb^T of North- European species extend round the glo])e 
in northfjrn latitudes, in the et)lder parts of North America and Asia. 
Not a few of our plants occur also on the llimalavan Mountains. Epi- 
lohtuni tetmffonuni, a Britisli .spt'cies, is found ill Canada and in Tierra del 
Fuego. Our white Ibidge-Convolvulus, witli somti other Dritish plants, 
occurs in the (ralapagos Islands, ^lany of the Falkland-lsland plants 
are mot with also in Iceland. Phuitof/o a common sea-sido plant 

with us, is found at the Cape. of . Coed Hope and at the soiithorii extremity 
of America. 

920. Instances, however, of such cosmopolitan plants are exciqi- 
tions to tlio ruk?. and tlie majority of the plants occiirriug over wide 
extents of the globe jinjscnt characters which facilitate th<dr dif- 
fusion by natural or artificial intlactices. 

The plants (Phanerogainia ) occupying even one-third of the oartli's sur- 
face are but a small fraction of known plants. Many e>f these are aipiatic or 
subaquatic plaiit.s ; and a c.onsiderable luimber belong to the list of wei'ds 
which aco^mipimy man, growing in (uiltivated land or rubbish Ac. ; few 
or no woody plants occur in the lists hitherto published. 

921. It is observable that those cosnuipolitan species wliich occur 
widely spread over two con tine ats arc found also in the adjacent 
islands. 

The arctic plants occunang in the continents of the Old and New 
World are found also in the I'aroes, Icidaud, and the Aleutian Islands. 

922. On. the other hand, certain plants occur only within very 
narrow limits ; this is the case with many continental species, but 
more particularly, with insular plants.' 

8t. Helena, Kerguelen’s Island, Tristan d’ Acunha, Madeira, Ac. hayo, or 
once had, peculiar species ; the archipelagos of the Canaries and the Oala- 
pagos have species p(;cnliar even to particular islands ; California, the 
Capo of Gooa Hope, certain regions of the Andes, &c. possess species 
strictly limited to those regions. 

923. The floras of many islands which^ possess peculiar species 
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include, besides, a greater number of species common to tho islands 
and the nearest continents, or other islands, or both. 

Of G72 species of Phanerogamia and Ferns occurring in Madeira, 85 
only are peculiar, and 480 occur also in Eur^e. The Azores have 280 
out of 425 in common with Madeira. The Canaries and Madeira have 
312 species in common, Madeira and Gibraltar 170 in common. Great 
Britain lias no species of Flowering plant peculiar to it: some of its 
plants are common in Central Europe, others in Western Europe j others, 
again, extimd through the Faroes, Iceland, North Europe, and North 
Asia and America. 

924. Generally speaking, the species of plants of a continent are 
found most abundantly over a particular more or less extensive tract, 
growing scarcer, more or less suddenly, at the margins of this space. 
Sucli a space, called the areM of distribution of the species, in these 
cases exhibits a ceMre or point of greatest intensity of occurrence. 

925. The areas of many plants extend not only over continents, 
but over detached islands, and even to other continents. In many 
instances species are spread interruptedly over their area, as is the 
ease with tho alpine plants common to Norway, Scotland, and the 
Alps, &c. 

9^). Tt is usual to find the maximum of a species in one country, 
forming a single centre ; and thi%same species docs not recur again 
with a centre in a distant spot with a similar cliraato and soil. But 
representaiiue species of the same genus occur not unfrequently under 
such circumstances ; and this is still more the casfi with genera of 
particular Orders, sometimes «also with Orders of like habit. 

Thus, tho Violets of Europe and those of North America are distinct; 
the dwarf Palm, Chameerojjs himiiHs, of Europe, is represented by C. 
Palmetto in North America. The Heaths {Erica) of Europe are repre- 
aenttjd by different species at the Cape of Good Hope, xhe East and 
West Indies and Alrica have their peculiar I’almacem, Zingiberaceae, 
Marantacem, &c. The succulent Cactacem^f Central America represent 
the fleshy Pliiphorbiaceae, Asclepiadacem, and Mesembryanthacese of 
Africa. The Cape Heaths are represented in Australia by l^acridaceae, 
associated in like manner with Myrtacem and Proteacese. The Firs of 
the southeni hemisphere belong to genera distinct from those of the 
northern hemisphere, &c. 

927. The evident absence of a constant relation between the 
existence of certain climatal conditions, and the occurrence of par- 
ticular species of plants — st^l more, the existence of limited areas 
of distribution, often exhibiting centres of greatest abundance — have 
led to the supposition that the individual species of plants have been 
created at particular centres, whence they have spread themselves 
over more orjess extensive tracts, in the course of their extension 
becoming intermixed with other species, and thus producing complex 
assemblages. 
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The spreading of what are called social plants, such as pasture- Grasses, 
Furze, various forest-trees, &c., illustrates the facility with which many 
plants extend themselves over new ground. Tht3 Anacharis, a North- 
American water-plant, has been diftused all over England within the last 
ten years. The difl’usion of certain plants is also greatly dependent on 
the success of some plants over others in the struggle for oxisttnice which 
is ever going on in nature. It does not follow that the wild plants in any 
given area are those which are best adapted for that situation. Tliey are 
often the weakest, and are overpowered by other plants. In this way 
native vegetation constantly gets exterminated by foreign intriuh'rs. 

928, In this hypothesis, it is unimportant whether we iiiiagine a 
single plant (or pair of dioecious plants) or a more or less extensive 
assemblage of individuals to have been created on the same spot. 
This is a question impossible to be solved by science. 

Some authors believe that species have been created at many points 
where the conditions were fitting, explaining in this way the interrupted 
areas of certain plants. 

929. The facts revealed by Geology, as wxdl as by Botany itself, 
tend to prove that the creation of species has been not simultaneous, 
but sifccmive, in different geological periods. Not only do we find 
fossil plants different from living vegetation in the older formations, 
but those beds immediately preceding the present surface of the 
earth contain not only remains ot animals of existing species, hut 
fossil plants closely resembling, if not identical with, existing plants. 

930^. Numerous cases of scattered distribution of existing vegio 
tation cannot be explained by reference to existing influences, such 
as transport &c. (§§ 014, 916). Thus species with large seeds grow 
in countries between wdiich exist appjireiitly insuperable obstructions 
to transport ; many species arc common solely to the tops of very 
distant mountains ; many wadcly distributed a(juatic plants produce 
seeds whiqji sink to the bottom of the water w’heii ripe, <K:c. 

Again, species are wanting in regions so well adapted to their 
existence that, when artificially introduced, they establish themselves 
like natives. Certain countries, separated by broad oceans, hav (3 
more species in common than either the distance or nature of their 
climate would render probable under ordinary circumstances ; while 
contiguous countries, with similar climates, sometimes present very 
different species. 

Some countries are remarkable for a great number of species in a 
given area, others for paucity of specief|. 

Lastly, species of simple struQture (Biishes, Grasses, &c.) have often 
wide range, even though their seeds arc not more easy of transport 
than usual, while others of higher organization, with seeds or fruits 
easily transported (Composit® &c.), often occur in 'very limited 
areaa. 

931. To sum up these statements, the occurrence of each species, 



GEOLOGICAL INFLUENCES. 


639 


as a general rule, in one region rather than another, their abundance 
ill particular localities, the extension and especially the disjunction 
of species destitute of efficient means of transport, the non-exten- 
sion, on the contrary, of species possessing seeds easy of transport, 
certain analogies and certain differences between the floras of several 
countries, and their relative richness in distinct forms — all these 
important jdienomena are inexplicable by causes now in active 
operation ; and wo are consequently led to seek their solution by 
the aid of geological inquiries. 

Edv ard Foi'bes was the first to open this lino of inquiry, in a most 
acute and ingenuous Essay on the Origin of the existing Flora of Britain. 
Br. I looker has pursued the same lino of reasoning in his inquiries into 
th(? botanical geography of the southern hemisphere. 

Sect. 3. (jeological Influences. 

932. Natural Science is inca])able of elucidating the actual origin 
or creation f)f organic beings ; but it seeks to trace up, as nearly as 
possi])lc, to the earliest periods the phenomena exhibited by created 
things or beings ; and the botanist socks, by geographical and geolo- 
gical inquij'ies, to discover the probable aboriginal localities of species 
ofpJaiiN. ^ 

If is iiupossiblo to say in wlial part of the globe plants first appeared. 
Probahly tht‘y grow on lands now submerged helical li the ocean, or, still 
more likely, tiny wen* perishable aquatic plants vdiicl^liave ltd! no trace 
of their existence, (h'ology teaches that the dry land of the globe has 
h'eii successively elevated and d(‘prcssed below the snrface of the sea at 
various epoclis since plants were first created ; hence tlnu’c have existed 
successive and variable centres of creation. There may have existed 
means of communication hot^veeu diflerenl centres, so that species may 
ha\ ' passed over from one to anotlnT, and in this vaiy survived in a new 
locality tluj destruction of their birthplace. , 

933. Species have made their appearance successively during 
different geological epochs, and have had more or less extenj:Icd 
duration. 

Probably most of our existing species date from an epoch anterior 
to that at which the existing continents acquired tlieir present con- 
figuration. 

They may have spread widely in ancient times, and their area , 
may have beem broken up subsequently by obstacles now insur- 
mountable. They may have jDeen transported in past ages by causes 
not now in operation. 


or ] 

and more w. \ 

or former wide difliision, as w^ell as by 
points. 


supposing creation at various 
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9tu. The species at present confined within small areas, in spite 
of moans of transport or continuity of land and suitable climate, 
would appear to be those of most recent creation ; that is, they seem 
to have originated since the existing continents were formed. Widely 
spread species which are difficult of transport are probably the most 
ancient. 

935. In the comparison of successive geological formations, it ap- 
pears that the earliest plants were chiefly species of sim]>le organiza- 
tion and few in number — and that by degrees more highly orgiiiiized 
plants, were added and replaced many of the earli(‘r ones, whi(di 
perished. In existing vegetation the simpler kinds seem to be the 
most ancient, and . those of more complex structun^ more recent, 
judging from the widei difl'usion of the former than tln^ latter. 

Ligneous plants established tliemsfdves in northern and tempt'nite 
countries at an epoch wlum the climate must hav(^ he(‘ii more lunni«l and 
more cloudy than at pr(3sent. At the present time, regions in the South 
of Europe, North Africa, the Canaries, the Southern 1'niti‘d States, and 
elsewhere, once cleared and exposed to tlie inHuenee of the sun, do ra^t 
become clothed again hy forests such as thuy posst‘ssed formerly. (\)ni- 
fera? and Amentae>eous plants, which form th(‘ chief coustituents of forests 
in these regions, are Phari(‘rogamia of low organization. Tlit‘ir ]U'ohahle 
antiquity, judging from their oeeiirrence in masses in certain countries, 
confirms the view’ that existing species are of unequal antiquity, and that 
the older species are of low er type. 

936. The fact.^ of existing Botanical (Geography are in general 
clear and concordant, if we suppose that the most ancient spiicies 
of Phaneroganiia are, first the majority of i)lants either aquatic or 
loving moisture, then many northern and alpine plants and most 
of the trees of our temperate regions — and if we suppose at the sjimo 
time that the most recent species occur principally among tlic plants 
of warm r^ions, among the Dicotyledons with an infei ior ovaiy' and 
a monopetalous corolla (such as Composite, Dipsacem, Cainpanulaeea; 
&c.) and among the other Phancrogamia with structure eomjdicatcd 
in other respects (such as Orchidaceae, Palriiacem, Apocynacem, Asch;- 
piadacem, Cucurbitaceae, Pas.sifloraeeie, Begoniacem, &c.). 

The considerations stated in this Section are derived, with slight modi- 
fications, from the ^Goographie Botaiiique' of Alph. De Candolle, a nio.st 
important general work on this subject, which should be studied by all 
those who are interested in tht's») questioivs. 
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CHAPTER II. 

BOTANICAL GEOGRAPHY. . 

Sect. 1. Bistrirution of Plants in Climatal Zones between the 
Equator and the Poles. 

0,'37. The (lescription of the actual conditions of vegetation on the 
surface of the* globe is a subject embracing a vast amount of facts, 
which are not only capable of being considered under many different 
points of view, but in many respects offer at present only fragmentary 
in.aterials for establishing principles. In the present work, where 
only a limited space can be allotted to this department, it is necessary 
to (ionline ourselves to a, few of the ])riiicipal generalizations, calcu- 
lat('d to give a,n insight into tlic characters of the study, but con- 
fessedly very ira])erfect as representations of the natural phenomena 
with which it deals. 

Ill ihc preceding Chapter we have seen that climate has a 
most important inti non cc upon vegetation ; and proceeding on this 
ground, it is possible to divide the surface into climatal zones, within 
wddeh a eerlain nvc'ragc charac;^ of vegetation exists. But mere 
t<‘mj)(‘ratiii’(‘ is but. one of the intluonces ; and it is evident that many 
diverse conditions must exist within such climatal zones, dependent 
upon the other intluonces above referred to (§§ 9(J7-912). Hence, 
althougli the general views afforded by marking out climatal regions 
are useful to the lH\ginner, it is necessary to bear in mind that they 
are essentially suptu’ficial. In Meyen’s subdivision of the globe, the 
zoiu^s were delined by ])araliels of latitude ; hut the distribution of 
teiiipiTatiire, the chief agent hero regarded, is so irrelative to the 
I'arallcls, (\speeially in the northern hemisphere, that we ha^e modified 
them by Isothermal lines obtained from Dove’s maps. The isotherms 
s(d('ct(*d fire mostly annual temperatures ; but in defining the Apctic 
n'gions it ha.s ajijioared more natural to take the line indicating 
an ecpial temperature in the months of September and July. 

9130. In the following summary the names of Meyen’s zones are 
retained ; the peculiar limitation by isothermal lines is indicated for 
each zone. 

1. The Equatorial Zone. 

This zone, as limited by ul, comprojiends but a comparatively small 
range in the New World, and is most developed in the Old, especially in 
Afri(‘a. On consulting an isothermal map, it will be observed dso that 
the larger portion of it lies on the north side of the equator, since the 
preponderance of land in the northern hemisphere deflects the isothermal 
lines in this direction. The boundaries are the annual isotherms of 
79°*3 Fahr. on each side of’ the equator j but it may be noticed that in 
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Africa, as well as in Ilindoatan, and in the Indian archipelaj^o, there 
exist between these lines circumscribed regions in which the annual 
isotherms rise to 81 "^*5 Fahr. 

The characteristics of this zone are marked by the extreme luxuriance 
of vegetation, from the grt'at heat, together with the abundant moisture. 
The trunks of the trees attain enormous diaimder ; the llow(ira have most 
brilliant colours ; and not only is the earth clothed most profusely with 
numberless forms of plants, but the trees are overgrown by Orchids, 
Aroids, Ilrorneliacose, and Ferns, and matted together by or 

gigantic rope-like woody climhers; so that the primm'cU forests 
such a dense mass of vegetation as to be almost impenetrable, even to 
the explorer who advances axe in hand. The Falnis, the Faiiaiia tribe 
(Musacea^, arborescauit Grasses, I’aiidaniis, Scitaniint*{e, and Orcliideae 
are very striking featurts; the Fig-trees of most vari(*d kinds, the 8ilk- 
Cotton-trees (Bombacefe) also abound both in the Old and New Worlds; 
the Ciesalpinioe, Malpighiaceas Anacardiie, Swieteniie, Anonea, B(‘rthol- 
letiaB, and Lecythidea^ especially mark the forests of America ; tin? Sapin- 
daceie, Caryotae, Artcjc.arpi, ISterculije, Fbenacea, Meliact*aj, Jaiurinea}, 
&c. those of the Old World. In this zone also, in tlie Indian arcliipe- 
lago, occurs the most remarkable of the llhizantbs, tin' gigantic parasite' 
JRqfflesia, vdih. its flowers .*> feet in diainett'r; while in Ann'rica this is 
almost rivalled by the Victoria Water-lily, and the .Vristolochias with 
their enormous helmet-like flowers — said, indeed, to be worn in sport as 
caps by the Indian boys. 4 

Kicli a.s the vegetation of this zone is in general, we find within the 
limits some of the poorest tracts upon th(‘ globe — namely, where water is 
wanting. The African desert and a portion of Arabia an' the most striking 
examples ; but the llanos of Vem'ziu'la are scarcely It^ss parclied and life- 
less during the diy sea.son, and in the rainy season ])n‘.‘««ent only gras.sy 
plains like the steppes of Central A.sia. The poverty ol’ th(\He tracts is 
accounted for by their peculiar position, cutting them off from tlni in- 
fluence of moist currents of air, their natural waterless condition btdng of 
course dependent on the geological changes which gave them their pre- 
sent configttration. 


^ 2. The Tropical Zones, 

These extend, in the north and south h(?mispheres, from the boundaries 
of the equatorial zone, .at the isotherms of Fahr., to the isotherms of 
72°*6 Fahr. Taken altogether, the characteri8tic.s of these zones, as might 
be expected, are closely allied to those of the preceding. Uio de Janeiro 
and Canton are cited by Mcyen as instance's of this resemblance ; Palms, 
Bananas, Cannesc, Meliacea?, Arionese, and Sapindiuiece prevail (in humid 
districts) here, and Orchids, Potbos-liky plants, and lAanes abound. 
The Tree-Feras, the Peppfir-planjs, Meht^itomaceie, and (k)rivolvulacea5, 
however, become more prominent here, and serve as distinctive charac- 
ters ; and it is stated that, in these zones, the forests exhibit fewer 
parasites and more underwood. That portion of the we8);orn coast of 
South America lying within the south tropical zone forms an exception 
to the general rule of luxuriance of vegetation, as does the inland tract 
of Africa bordering on the equatorial zone. 
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3 . The Subtropical Zones. 

I Ih'so are bounded on the equatorial side by the annual isotherm of 
72^'f) hahr., and towards the poles by the isotherms of 08® Fahr. The 
countries^ within these enjoy the most delightful climates on the 
globe. Though tht> summer heat never rises to the intense heat of the 
torrid, zone, it sullices to ripen most of the tropical fruits j while the 
winters are so mild that vegetation is never arrested. Palms and Bananas 
are still met with in the plains, and arborescent Grasses form a feature of 
the laiidscfipe, both in Ami^ricaand Asia; but the most striking character 
of these regions is formed by the abundance of forest trees having broad, 
leathery, and shining leaves, such as the Magnolias and the Laiiracese, 
and also of the plants of the INIyrtlo tribe. Proteacese, Acacias, and Heaths 
attain their maximum development. 

4 . The Warmer Temperate Zones. 

Equatoiial boundaries, the annual isotherms of G8® Fahr. ; polar boun- 
daries, the isotherms of Fahr. The general characteristics of these 
zon(\s arise from the combination of the shining, leathery- leaved trees 
of the subtropical zones with the forest trees which we find in our own 
country, such as Oaks, Beeches, &c. ; the Palms vanish ; but a number of 
handsome evergreen shrubs present themselves, and Heaths, Cisti, and 
sliowy Leguminous plants are very abundant. The countries lying within 
tht‘se zones in difierent parts of thij^lobe diiler a good deal in their vege- 
tation, and we may therefoi’o enter into ratlun* more detail here. 

In the Mediterrani'an region evergreen dicotyledonous trees with glossy 
leaves, show^y shrul's, and many bright-coloured bullous plants abound; 
Erica arhorea^ the Piav, and the Myrtle are characteristic; the Turkey, 
Holm, andCork Oaks, the Chestnut, the Strawberry-tree, with the Cherry- 
Laurel, Laurustinus, and l^omegranate are frequent, as are also the 
PhillyreiO, Bosomarv, Oleander, &c. 

The Vine is a native of this zone, and is said to attain a diameter of 

lot) inches, and to climb to the top of tlie highest trees, in the forests 
of Mingrelia and Imeritia. The barren tableland of Asia falls in this 
zone, as does Japan, which has a rich vegetation. In America are found 
abundance of Oaks and Pines, Magnoliacete (such as the Tulip- tree), a 
number of Leguminous trees, with thorny Smilax-shrubs and gigantic 
Heeds ; the Gleditschiie on the banks of the Ohio are evergreen, with 
climbing Bignonim ; evergreen trees here correspond to those of Southern 
Jhirope, intermingled in the forests with Oaks, Beeches, Ash, and Tla- 
fanns occidentalis. 

In the southern hemisphere this zone includes part of New Zealand and 
Australia, where, again, evergreen trees are intermixed with foi*est-trees 
wdth deciduous leaves ; shrubby Ferns abound, and the Leguminosas and 
Myrtaceae arc well representell. 

In South America, the Pampas-plaifls of Buenos Ayres fall in this zone, 
especially characterized by arborescent Grasses. Southern Chili represents 
the wai'in temperate vegetation with its ever^een forests of Myrtacese, 
Beeches, and Araucarias ; the Fuchsia is also cnaracteristic of this region. 
The Chilian Palm, like the dwarf Palm of Southern Europe and the 
Palmetto of North America, forms an outlier from the subtropical region. 
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5. The Cooler Temperate Zones. 

Equatorial boundaries, the annual isotherms of Fahr. ; polar 

boundaries, the isotherms of 41° Fahr. The especial characteristics of 
these zones are the forests of deciduous trees with inconspicuous blossoms, 
intermingled with social Conifers, together with the (Irass-pfustures. 
Here the trunks of the trees are overgrown only with Mosses and 
Lichens j the Honeysuckle, the Ivy, and the Hop are the only important 
climbers, very different from the Lianes of the tropics. Shrubs are pretty 
frequent, but they mostly lose their leaves in winter, such as liosos. 
Brambles, Viburna, &c. The social Dwarf-grasses on ^ood soil, with 
the Sedges, Cotton-grasses, and Mosses of wet ground, characterize the 
plains, and extensive heaths prevail in some distritrts. The contrast 
betwetm summer and winter is strongly marked in the aspt'ct of vegetable 
life : the trees are stripped of their leaves, the herbs die down to dwarf 
tufts, or hide themselves altogether in the ground, and the snow covers 
the surface of the plains in severe wx‘ather ; but the warmth of summer, 
which brings out a lively and varied show of dowers, is sufficiently high 
to ripen the seeds of many, and thus annuals are more numerous than 
they are further north. 

This zone ivS not represented in Africa or in the South Sea. In South 
America it includes Patagonia. 


0. The Suh'j^rHie Zone. 

Equatorial boundary, the annual isothermal line of 41° Fahr.; polar 
boundftfy, the isotherm of ' o Fahr. for the month of Si‘,ptember. The 
southern boundar/of this zone in the northern hemisphere corresponds 
pretty nearly to the limit of distribution of the Oak in Europe and the 
east coast of North America, the northern boundary to the limit of the 
distribution of trees. 

The striking characteristic of this zone is, indeed, the predominance of 
the Coniferous trees in the woods, giving place northward to the llireh 
and Alder, and generally alternating with Willows where the soil is 
moist. Gr^en pastures occur universally, especially adorned with showy 
flowering herbs in the spring and summer. 

t 

7. The Arctic Zimc, 

The equatorial boundaiy is the isotherm of .36^*6 Fahr. for the month of 
September, or the polar limit of arborescent vegetation in the northern 
hemisphere ; the polar boundjtry is the isotherm of 41'^ Fahr. for the 
month of July. The vegetation of this zone corresponds to what we un- 
derstand commonly as Alpine shrubs, consisting chiefly of prostrate shrubs, 
with a peculiar tortuous and compact hahii of growth, such as the alpine 
Rhodoaendra, Andromeda?, the dVarf Birch and Alder, the Bog-Myrtle 
and dwarf Willow, with a vari<ity of low-growing perennial herbs, re- 
markable for the comparatively large size and bright colour of their 
flowers. Sedges and Cotton-grasses occur socially, in some places covering 
extensive tracts ; but the grassy pastures of the last zones are replaced 
to a great extent by tracts covered with Lichens. 
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8. Polar Zone. 

Equatorial boimclary, tho isotherm of 4P Fahr. for the month of July j 
polar limit, tlui isotlujrm of 60° *5 Fahr. for the same month. This zone 
IS charaelm’ized by presenting, in the four to six weeks of summer, an 
alpine vegetat ion devoid of even shrubs, and consistingot herbaceous per- 
ennials of dwarf habit, such as. Saxifrages, Ranunculi, Pyrolae, Potentillae, 
1 )ryas, J)raba, »fec., and possessing, moreover, certain genera (such as Parry a, 
lMiippsia,and others) which, although they extend into the arctic zone, are 
not inet with in the alpiiui regions of tiio mountains of the more southern 
regions. In Spitzbergen, the number of Cryptogamic plants is remarkable, 
tho Licliens alone equalling the Flowering plants, and predominating 
even in mass ns well as number of species. 


Sect. 2. Regions of Altitude. 

940. It is well known that the lofty mountains lying within the 
tropics exhibit a graduated variation of character in their vegetation, 
and that those which rise above the limit of eternal snow display 
more or h‘ss distinctly marked regions, representing the zones lying 
betwetui the plains at the foot of such mountains, and the eternal ice 
of the polar zone. 

iriimbnldt divided the surface ofiropical mountains into three zones, 
ropia^senting Ihe tropical, temperare, and frigid zones of the globe, 
and indicated the ])rincipal subdivisions of these regions. Meyen 
attempted to lay down a more systematic represen Jation of the con- 
ditions in question, corresponding to his division of the earth’s surface 
into zones. (Iroat ditticulty interposes here in any attempt at gene- 
nil ization, since local conditions, arising from aspect, and conformation 
of surface, cither giving more or less of precipitous character, accom- 
parnbnl by suddcai changes, or producing elevated plains, &c., cause 
such great differences, even within the limits of single mountain- 
systems, that no absolute rule can be appHed. The rules laid down 
by ^leyim ap])ly pretty well to his zones within the limits of Europe ; 
but, in the delineation of the regions of altitude of greater extent, 
gri‘at variation presimts itself near the equator. 

941. According to Meyen’s views, the snow-line, beginning at 
the polar zone, rises between 1900 and 2000 feet above the level of 
the sea, and in the equatorial zone to 15,500 or 16,600 feet; and he 
divides the regions of altitude iu accordance with this, raising each 
region between 1900 and 2(J00 feet in each zone, as he approaches 
tho equator. Now at Nort h Cape, which lies near the polar limit of 
our su])aTctic zone, and iu Iceland, which is crossed by the same limit, 
tlie lino of perpetual snow is at about 2000 feet ; we may therefore 
take this as fhc snow -lino of the arctic zone. The equatorial limit of 
tho subarctic zone falls in Southern Norway, where the snow-line is 
at about 4000 feet ; while Ihe equatorial limit of our cold temperate 
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zone is not far removed from the Alps and Pyrenees, where the snow- 
line rises to 8000 feet and more. In the south of Spain, lying within 
the warm temperate region, snow lies in isolated patches below 11,000 
feet. In the district of Sierra Nevada, which is one of the best-known 
of the mountains of this zone, as regards vegetation, there is a sub- 
tropical region up to 600 feet, the true warm temperate vegetation 
extends up to about 4000 feet, a cold temperate vegetation from 
about 4000 to 6500 ; the vegetation then passes into a condition 
allied to the subarctic, but without trees, and characterized by shrubs 
of a similar nature to those of the arctic zone. This region extends 
to 8000 feet; and thence to the summits of 1 1,000 feet there is 
an alpine summer vegetation (snow lying for (Ight months out of the 
twelve), which, again, is intermediate in character between those of 
the arctic and polar, consisting chieliy of pei ennial herbs like the 
latter, but presenting a formation of turfy pasture to some extent in 
the warm season. In the Caucasus the snow-line is mucli higlier. 

In the subtropical zone, on the Peak of Teneriffe, we find the 
vegetation of the warm temperate zone from about !20()0 to 4000 leet, 
a representation of the cold temperature from 3000 to over fiOOO feet ; 
at about 8000 feet the climate is subarciie. This mountain does 
not reach the snow-line. .. 

In Mexico, lying in our tropiifal zone, the lines are respectively 
shifted up in about the same ratio. We see throughout, then, a 
deviation from Mciyen’s ratio, in the tendency of the colder zornvs to 
widen out on the mountains of warmer zones ; but this is ])artly 
owing to our dividing the zones according to tempei^ature, and not 
i'lf^cording to latitude. 

If wo attempt to lay down the conditions of tlie mountains of 
Asia under a similar point of view, we find greater deviations. The 
mass of ekivated land in Central Asia modifies all the climatal con- 
ditions very much. The snow-lines of the mountains of the cokl- 
temperate and warm-temperate zones rise to 14,006 feet ; that of the 
Himalayas to 18,000 feet in the northern parts. Our data scarcely 
suffice for the illustration of these modified conditions and therefore 
we have confined ourselves to a limited number of the best-exi)lored 
mountain-regions of the Old and New Worlds, in the tabular view of 
distribution in altitude given below. 

9 2. We now give a brief sketch of the characteristics of the 
different regions of altitude, as classifi(jd by Meyen ; and to this is 
subjoined Meyen’s hypothetical table, from his * Geography of Plants.’ 
To show how far this diverges from the actual conditions, we subjoin 
Tables, constructed for Johnston’s ‘ Physical Atlas,’ showing the com- 
parative altitudes of the characteristic forms of vcg6tation on a 
number of mountains where they have been carefully observed. The 
location of these mountains in the various zones is in accordance 
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\i4th our isothermal limitation, and not, as is the case with Jloyen^s 
limitation, accordinjj to parallels of latitude. The elevations; are also 
merely given given in round numbers. 

1. llegion of Pahns and Bananas, 

Corresponding to the equatorial zone, and has been already characterized 
under that headi * 

2. Begion of Tree^ Ferns and Figs. 

Corresponding to the tropical zone. The genus Picus is most prevalent 
in tlio eh'vated forests of the equatorial zone of the East Indies, giving 
them a remarkable charact er of gloomy grandeur and impervious density. 

o. livgion of Laurels and Myrtles. 

Corresp(jnding to tlie subtropical zone. 

4. Region of Eoergreen Trees. 

( Corresponding to the warm temperate zone. 

5. Region of DeciduoKS Trees. 

Corresponding to the cold temperate zone ; but this remon seems to be 
absont from the mountains in nianjl; parts of the tropical and equatorial 
zoiios, .since tlie tree-limit is carried down by peculiarities of climate, 
which , on the other hand, favour the advance of more southern forms into 
tlie upper regions. In Java and Sumatra, stunted trees of the class be- 
longing here replace the dwarf Conifers of European mountains, and form 
tlui tree-limit far bidow the altitude at which forests of tall Conifers occur 
in the more northern Himalayas, — a condition explained in some degree 
by the local circumstances of the equatorial mountains, which are deficient 
of the supplies of moisture furnished by the vast masses of snow resting 
perpetually upon the Himalayas. 

6. Region of Conifers. 

Corresponding to the subarctic zone. This zone, characterized by the 
growth of Ifines and Firs, is well represented on most mountains, with 
the exception of the Peruvian Cordilleras, where the EscaUoniea) are said 
to be suosti tilted for them. But the Conifers do not always form the 
uppermost belt of trees, even when they flourish in a well-defined region. 
Tims the region of tlui Conifers, in a general sense, which reaches to the 
tree-limit with Pines in the Alps, Pyrenees, and the Andes of Mexico, 
includes, in the Scandinavifim mountains, in the Himalayas, and the 
Caucasus, a region of Birches * which rjse out of it to form the last repre- 
sentatives of arboreal vegetation. 

%7. Region of Alpine Shrubs or of Rhododendra, 

This region corresponds to the arctic zone. In the Himalayas, dwarf 
Willows, Junipers, and species of Ribes or Currant seem to represent 



648 


GEOGRAPHICAL AND GEOLOGICAL BOTANY. 


the vegetation of this region ; while on the Andes of Quito the genus 
Befaria appears to correspond in its geographical development to the 
Rhododenara of the north. 

8 . Itegion of Alpine Herbs, 

Corresponding to the polar zone, usually presenting only patches of 
vegetation scattered over a broken surface of ground, covered during the 
greater part of the year with snow, and exhibiting accumulations in all 
seasons in sheltered spots. Lichens abound here ; Leoidea geographica 
has beep found in most diverse localities where bare rock rises above the 
ground, forming generally the last trace of vegetation. The plants of this 
region are remarkable in many respects, in none more than the beauty 
and comparatively large size that usually characterizes their flowers. 
They are mostly of perennial growth, since, although the severe cold pre- 
vailing throughout the greater part of the year is unfavourable to the 
maturation and preservation of seeds, the thick covering of snow protects 
established plants from the severe frost ; and it is known that they are 
arrested in warmer regions where winter frosts prevail without great 
accumulations of snow, precisely bccaus(i they are then incapable of bearing 
the cold, to which they are directly exposed. 
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Meyen*s Comparative Exhibition of tub Different Zones, 

WITH Till? CORRESPONDTNO RkGIONS. 

The elevations and temperatures are here given in round numbers. 
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Comp ARISON op Regions op Altitude with Isothermal Zonks. 

Thejiytires indicate the elevations at which the ret/ions commence. 

Names of ( 

Zones . { 


Equatorial 

Zone. 


Tropical Zone. 


Subtropical 

Zone. 


Temperature ( 
of Zones . \ 


Names of 
Mountains 


ature 1 
les . ( 

•• 

.ins I 


5' to 79° 3' 
Ann. Moan. 


Java and 
Sumatra. 


79° 3' to 75° 5' 
Ann. Mean. 


Andos of 
Mexico. 


Andes of 
Pt‘ru. 


7a° 5' to t!8° 
Ann. Mean. 


Himalayas. 


Snow'line . , 


I Alpine Herbs. 


\ Alpine Shrubs 

( Rh rnlode ndra, See . )] 


9,0000 

Vi<*la, 

Hannneulue, 

Mvriea, 

Erica. 


I Primulaecffi, 
{ Rammer la- 


c*«*tf*, &e. 
Berboris. 


Pnpavera- i 

i reie, i 

i Crneifene, I 

! Primnlacea*, 

j &c. 1 

I Salix, ! 

j Spinea, j 

' .1 uniperus, i 
Lr>nii'era. j 
1 1,000 


; Limit of Trees. 


Conifers and 
Birches. 


Deciduous 
1 Forest Trees 

I (Oak and Beech). 


PodocarjU*®* 


Evergreen 
Forest Tr^es. jv 6,000 


Lauracese and Oiiiteraccaj. 

Myrtacese. 4,ooo 




Qin*rcn8. 

6,000 


.InniperuH j 
Escallonitt. Oxyee*lrus. ! 

H.iHH) O.iKX) 

Spartiuni. : 

/ PimiH ! 

I canariensis. 

• 1,000 


Qtieretis. 

10,0(X» 


Aielasto- I 
rail, Y ueciv, J 
Bumbiisa. 

Cacti, 

Jatropha. Enjzenia. 

Chatniedo-i 6,noo 

rca*. Mai-. Cinchona*, 

piKhiacc®,, Mcdaalo- 

I mete. 


Anlisia, , Mntj^nolia, i 

Laiirus. i Cnstanea. 1 

1V>00 7,0<m) i 

Olea, i Ardisia, ; 

Myrii’a. ! 6,000 i 

l,l»fK) i 

A rb< >res<'<*iit ' Celast rus, 
Kuiihorbite, j (iunibidia, 
Draetrna, Myrsine. 

Fic;U8 ; 3,<M>0 

Sveamonm. ' 


Forests of 

Tree-Ferns. Liquidambar. 

and Figs. 2,000 


Tropical Tree-Ferns, 
, Forests. &c. 


Bananas, Tree-Ferns,! 
Sacoharum, Fi>]fs, 1 

Palms. Palnis. 


Palma and ‘’“'‘J"”- BombM, 

.rnuus Damp Equa- Palmae, 

Bananas# torial Forests. Mimoses. 


Palmie, 

Bcitamineie. 


28°— .36° 

If.L. 


8ea«leTeL 


00—10° S. L. 


l»o Jf. L. 


0° 
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Comparison of Regions op Altitude with Isothermal Zones. 


Name of ' 


. Warm Temperate Zone. 


Tempera- 1 

tnre of > to 54°*5 Annual Mean. 


i Names of ! 1 

' , . 1 Mouiiiams.i 

Mountains, n. Ami nca.; 

Sierra 
Nevada, j 
Spain. j 

Lycian 

Taurus. 

Pontic 
Chain of 
Lasistan. 

Ararat. 

Inner 

Armenia 

Alatau, 

Soon- 

garei. 

'Snow-line. 11, ^oo | 

N one. j 

None. 

10,000 

13,500 

11,000 

10,700 

1 Alpine ; ! 

I Herbs. 1 1 

f 11,000 ' 

Alpine 

' 10,000 

Alpine 

8,000 

! ■ 



Lichens. 

8,000 

' 1 

!' 

1 Alpine ' | 

!Shrub8,&c. tl,(H'<* • 

llerl>8 I 
and 1 

Shrnbs. ! 

7,000 ! 

^ 1 

Herbs 
• and 

Shrubs. 

H,000 

! Rhodo- 
dendron 
i eaueasi- 
1 cum. 
5,700 

j 

i 8,000 

1 

1 

5,600 

J unipers 
7,500 


Limit of i 
Trees. 

1 


* ^ 

' ! 

Conifers 

and 

BircUcs. 

Pinus. 

Piniis 

Hvlvestris. 

I,,'»00 

Juniperus | 
excel.s.a. 
6,000 1 

Deciduous 
Forest 
■ Trees. ! 

1 * 

1 

Querena 

refusus, 

Piiius 

Pinaster. 

2,(K>0 

1 

Plateaux. 1 
3,000 1 

Oak Wood.s. 
1,.‘)0U 

I 

1 Evergreen 
Forest 

Trees. 


Olive, I'ork, 
Pomegranate 
Gt)0 

(Opnntia, 
Cotton, Sugar 
Csne.l 

Evergreen 
Trees and i 
Shrubs. 

i Lauracco! 

1 and 

1 Myrtaceae. 

39° I.. 

37° N. L. 

' 37° K. L. 


4,500 Finns. 


Olea, 

LauruB, 

Buxub, 

Planera. 



652 


OEOGBAPHTCAL AND GEOLOGICAL BOTANY, 


Comparison of Eeqions of Altitude with Isothermal Zones. 


Names of Zones. 

( Cold Temper- 
1 ate Zone. 

Subarctic 

Zone. 

Arctic Zone. 

Temperatures. 

54° 5' to 41° 
Annual Mean. 

41° Ann. Mean to 86° 
Mean of Sept. 

.86° Mean of Sept, 
to 41° Mean of J uly. 

Names of Moim- 
tains. 

Swiss Alps. 

Norway. 

Kanitscliatka. 

Iceland. 

Snow-line. 

■ 

8,.5(H0 

4,000— .5,000 

5,000 

2,000 

Alpine Herbs. 

• 7,000 

n,.800— .8.600 

Baxifpajja. 

2,7lM> 

1,000 

Alpine Shrubs, 
&c. 

0,000 

I 

Dwarf 

Bireh, 

Willow. 

:’,,l>00 

Alniia inoana, 
Rhodotlen- 
(1 rona. 
2,000 

Alpine Shrubs. 

Limit of Trees. 





Conifers and 
Birches. 

Conifers. 

4,000 

Birch. 

1,0(H> 

ConifiTS. 

2,(M)0 

Alniis 

fruticosa, 

florbiis, 

Coniferte. 

.500 

64® y L. 

Deciduous 
Forest Trees. 

1 Beeeh and Oak. 

Che.stnut. 

67® N. L. 

60® N. L. 

i 


Evergreen 
Forest Trees. 

460-47° N. L. 

i 



Sea-level. 

1 

] 





On comparing these Tables with Meyen’s, by noticing the latitudes pdven 
at the foot of the columns, it \^nll he seen that the location of the moun- 
tains in the 'farious zones differs only in the hotter and colder of the latter ; 
those of the warm temperate, cold temperate, and subarctic (except in the 
case ^f Iceland) being similarly arranged. The great discrepancies 
existing between mountains occun’ing in the same zone indicate that 
local circumstances must have most powerful influence in determining 
the altitudes attained by the various classes of vegetation. We are not 
in a position to give the real temperatures of regions of altitude with any 
accuracy in most cases ; or these would probably greatly assist in as- 
certaining the direct causes of aberration ; for differences of temperature 
certainly accompany the difference of elevation attained by particular 
forms of plants. Good examples of the influence of the form and local 
conditions of mountains are fumighed by ^Teneriffe, Ararat, the Hima- 
layas, and the Eocky Mountains of North America. The first is an 
isolated mountain, exposed to the equalizing influence of the ocean ; the 
second an isolated mountain situated in the interior of a coptinent ; the 
two chains are portions of enormous systems of mountains extending over 
large regions in the interior of continents. To work out this subject 
thoroughly, however, it is necessary to observe not only the conditions of 
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diflferent mountains, but those of the different declivities of the same 
mountain; since, when great elevations are attained, chains of mountains 
form the boundaries of local climates, and present different conditions on 
the two laces. 


Sect. 3. Division of the Globe into Regions having Characteristic 

Vegetation. 

943. The character of the vegrdation of different regions is in- 
llueiK^cd not merely by climate, but by the more remote causes referred 
to in the last Chapter, which have led to the distribution of plants 
over more or less extensive areas, and their restriction within narrow 
limits in other cases ; liiH-lier, by the habit of plants, as by a social 
mode of growth, by size, tfec. 

944. Many attempts have been made to divide the earth’s sur- 
face into Botanical Regions, according to their characteristic vege- 
tation. None of these can be regarded as satisfactory; hut perhaps 
the generalizations of Schouw are, on the whole, those which suggest 
most to tlio student. We therefore introduce here that author’s 
account of the 25 rc'gions into which he divided the globe, on prin- 
ciples which arc stated below. 

'rhes(*. regions wore cbaracterized several years ago ; and much has 
he('ii (U.se<n’cred since, tending to modify the details ; it is greatly to 
be desired that a new attempt should be made in this direction. 

» 

JScJiouh'h Phyto-r/eographic Regions, 

945. The regions are founded on the following principles : — 

1 . At least one-half of the known species of plants of the tract 
constituting a botanical region are peculiar to it. 

2. A fourth ])art of the genera of the region arc cither peculiar 

to itw or have so decided a maximum that they arc comparatively 
rare in oth(T n'gions. ^ 

3. The individual Orders of plants arc cither peculiar to the region 
or have a decided maximum there. 

1 . Region of and Saxifrages ( Arctic’- Alpine^ or Wolilenherg's Region). 

Meafi tenqyeratnre. — I’olar regions, 2" -41° Fahr. Mountains in tho^ 
south, 21°-37° Fahr. 

Character. — Characteristic and predominant genera — Ranunculus, Ara- 
bia, Draba, Artuiaria, Dryas, rttentilla,,Saxifraga, Rhododendron, Azalea, 
Gentiana, I\*di(!ularis, S;dix, Musci, Licheiies. Of the polar countries 
especially — Coptis, blutrenia, Parrya, Diapensia, Andromeda, Ledum. Of 
the mountain^regions — Cherloria, Campanula, Phyteuma, Primula, Aretia, 
Soldanella. Dwarf perc'miial herbs with comparatively largo flowers of 
bright colours. Trees absent. 

Predominant shrubs and half -shrubs of the polar countnes. — Betula nana, 
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Salix herbacea and other species, Rubus Chamjeniorus, Empetriini nigrum, 
Andromeda liypnoides, A. tetragona, Arbutis alpina, A. Uva ursi, Azalea 
procumbenS; Ilhododeudron lapponicum, Menziesia cfcrulea. 

Ptrdominant shrnhs and halj-shruhs of the mountains. — .Jiinipc^rus nana, 
Alniis viridis, Salix reticulata, S. herbacea, Jthododendron ferrugineum, 
II. hirsutuin, K. caucasicuiu, Vacciiiium Myrtillus, V. uliginosum, Azalea 
procumbons, Arbutus alpina, A. Uva ursi, Empetrum nigrum. 

Plants which approach very closely to the snoiv-line . — Kaniiiiculus gla- 
cialis, Saxifraga oppositifolia, Silone acaulis ; in the polar tjountries espe- 
cially, Agrostis algida, Itariimculus hj'perboreus, K. ni'^alis, Saxifraga 
rivularis, S. ceniua, S. nivalis, l^apaver nudicaule, Draba alpina. Lychnis 
apetala, Diapensia lapponica. In the mountain-regions, Saxifraga mus- 
coides, S. bryoidos, Cherlcria sedoidea, Aretia helveticn, A. alpina, Draba 
nivalis, Petrocallis pyrenaica, Arabia belliilifolia, Myosotis nana, (leiitiana 
nivalis, Achillea nana, Linaria alpina. No cultivation in this region. 

The flora, as a whole, as tabulated by Hooker, is deciidedly Scandinavian. 
Some of its members are universally diffused througliout the globe, even 
in the tropics (on mountains) ; hence the Scandinavian flora is coiisidertid 
to be the oldest existing flora. 


2. Region of Umhdliferce {North- Ear ojwan and Nmih-AsiotiCj or Limncem's 

Region). 

Mean temperature^ 20”-40° Fahr. 

Character. — Umbellifene, Cruciform, Coniferne. Amentaccie, Hrami- 
nacefe, Caricem, Fungi, Oichoracejc, HyiiareaB ; in Asia, more particularly, 
Saline plants (sucli as Salsola and Salicornia) and Astragalem. Luxuriant 
pasture ; forest trees with deciduous leaves j a few 11 oaths. 

Predominant trees and shrubs . — Piuus sylvestris, F. (kunbra, P. sibiri(;a, 
Abies excelsa, A. pcctinata, Larix europaea, Juniporus communis, Detula 
alba, Alnus glutinosa, A. incana, Fagus sylvatica Qucrcus pedunculata, 
Q. sessiliflora, Carpinus Petulus, Oastancja vesca, Salices, I'opulus treniula, 
Oorylus Avellana, Ulmus canipestris, Callurui vulgaris, Pruuus spiiiosa, 
Pyrus Auc^paria, Acer Pseudo-platanus, A. platanoidc^s, A. campestre, 
Tilia platyphylla, T. inicrophylla. 

Cultivated plants. — Cereals : Ilye, Barley, Oats, Wheat, Spelt, Maize, 
MiKet (Panicum miliaceurn). Buckwheat, l^otato. 

Fruits. — Apple, Pear, Quince, Cherries, Plums, Apricot, Peach, Mul- 
berry, Walnut, Grape, Currant, Goo.^cberry, Strawberry, Melons. 

Esculent vegetables. — Cabbage, Bapo, Turaip, Radish, Mustard, Peas, 
Beans, Lentils, Spinach, Beet, Uucumber, Gourd, Carrot. 

Fodder-plants, &c. — Clovers, Vetches, Lucerne, Rye-grass ; Hops, 
Flax, Hemp, Tobacco. 


8. Region of the Lahiatae and Cary^hyUece (^Mediterranean^ or De Candolle's 

Megion). 


Mean temperature^ 66°-73° Fabr. 

Character. — Labiatse, Caryophyllese, Boragineae, Cistineae, Liliacem ; 
the Orders cited in the preceding region, but mostly less prevalent, espe- 
cially the Cariceae. Representatives of tropical Orders — Palmas, Tere- 



BOTANICAL REOION8. 


655 


binthaceye,Lauraceae, — Orders which increase towai’ds the equator becoming 
more numerous : Ijogurninosye, Malvaceie, Solanaceae, Euphorbiaceae, 
Urtieaceae. 

Adonis, Nigella, Trifolium, Medicago, Genista, Cytisus, Sca- 
biosa, Aiithemis, Achillea, Verbascum, Narcissus ; many evergi’een trees 
rtiid shrubs ; u greater number of woody plants than in the second region j 
pasture less luxuriant; a winter llora existing. 

^ Predominant treefi and sh'ubs. — Pinus Pinea, P. Pinaster, P. halepensis, 
P. Laricio, Cupressus sempervirens, Juniperiis phmnicea, J. macrocarpa, 
(^uercus Gerris, Q. pedunciilata, Q. .essiliHora, Q. Hex, Q. Suber, Q. 
/hgilops, Q. coccifera, (i. infectoria, Castanea vesca, Platanus orientalis, 
Alnus cordilblia, (lorylus Colnma, Ostiy a vulgaris, Acer monspessulanum, 
.y ncapolitamini, Pistacia Lontiscus, P. Terebinthus, Ceratonia siliqua, 

( t‘rois siliquastnim, Genista scoparia, Mespilus pyracantha, Prunus lauro- 
cerusus, Tamarix gallica, T. africana, Myrtis communis, Punica Grana- 
tum, Opuiitia v ulgaris, Viburnum Tinus, Arbutus Unedo, Erica arborea, 
E. scoparia, llhoilodendron ponticum, R. maximum, Cisti, Phyllyrea lati- 
folia, P. aiigustifolia, Ornus europa3a, O. rotundifoUa, Nerium Oleander, 
Rosmarinus olFicinalis, Ephedra distachya, Chamserops hiunilis, liuscus 
aculeatus, Hiiiilax aspera, Tamus communis. Agave americana. (The 
high(?st parts of the mountains here belong to the lirst region, the middle 
elevations te the second region.) 

Cultivated plants, — The same as in the preceding region ; but the follow- 
ing are more rare, or only seen on Jhe mountains : Rye, OmTants, Goose- 
berry, Huckwluiat, and Hop ; while 'Jie following are added : — 

Cercuh , — Rice, Millets (Sorghum vulgare, Paiiicuni italicum). 

Fruits, — Pigs, Almond, Pistachio-nut, I-<emon, Citron, Sweet and Seville 
Oranges, Prickly b'ig ( Opuntia), Water-lHelon, Olive. * 

Esculents &c. — Melongeiia, Tomato, Anise, Coriander, Cotton, White 
Mulberry, Satfrou, Sumach, Luj)ins, Sainfoin. 

Note. — Madeira, the Azores, and (Jauaries belong to this region; but 
their floras approach that of North Africa. 

Churn (eristic forms. — Semperviviim arboreum, S. canariense, S. tor- 
tuosum, &c., Ilex Perado, Pleroma pendula, Cacalia Kleinia, Sonchus 
friiticosus. Arbutus callicarpa, Ardisia excclsa, Ceropegia aphjMa, Echium 
giganleum, &c., Laurus foetens, Euphorbia balsamifera, E." canariensis, 
Myrica Eay«'i, Pinus canariensis. , 

4. Pe(jwn oj Asteres and Solidaf/mes (Northern North- American j or 
Mu hallos jRegion). 

Mean temperature j 9^-59^ Fahr. 

Character . — More species of Coniferse and Anientaceae than in the secqjid 
region), but fewer Umbelliferse, Cruciforap, Cichoraceae, and Cynarea?. 

Genera. — Jlydrastis, Sanguinaiia, Hudsonia, Ptelea, Robinia, Gymno- 
cladus, Purshia, Gillenia, Dec^don, (Enothera, Clarkia, Ludwigia, Bar- 
tonia. Claytonia, Ilouchera, Itea, Haraamelis, Mitchella, Aster, Solidago, 
Liatris, Rudbeckia, Gaillardia, Vaccinium, Andromeda, Kalmea, Sabbatia, 
lloustonia, ITydrophyllum, Phlox, Monarda, Dodecatheon, Dirca, Ilamil- 
tonia, Lewisia, Trillium, Medeola. 

Predominant trees and shrubs. — Pinus Strobus, P. inops, P. resinosa, P. 
Baiiksiana, P. variabilis, P.- rigida, P. serotina, P. pungens, Abies bal- 
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samea, A. taxifolia, A, canadensis, A. nigra, A. rubra, A. alba, Larix pen- 
dula, L. macrocarpa. Thuja oocidentalis, T. sphaeroidea, Juniperus virgi- 
niana, J. Sabina, Taxus canadensis, Querciis, 25 sp., Fagus sylvatica, F, 
ferruginea, Castanea americana, C. puinila, Ostrya virginica, Carpinus 
americaiia, Corylus americana, C. rostrata, Ahms glutinosa, A. crispa, 
A. serrulata, Fetiila nigra, B. papyracea, Salix, 27 sp., Populus bal- 
samifera, P. monilifera, &c., Myrica cerifera, &c., Platanus occidentalis, 
Liquidainbar styraciflua, Juglans nigra, J. cinerea, &c., Ulinus americana, 
&c., Nyssa aquatica, Fraxinus alba, V. nigi’a, (fee., Ornus americana, Ribes 
floridum, R. aiireum, &c., Vaccinium, 20 sp., Andromeda, 10 sp., Kalmia 
latifolia, K. angustifolia, K. glauca. Azalea viscosa, A. nitida, A. glauca, 
A. nudiflora, &c.. Rhododendron maximum, Cornus florida, C. alba, C. ca- 
nadensis, (fee., Ilamamelis virginhmsis, Spinea salicif'olia, S. chamredri- 
folia, S. opulifolia, S\ hypc'ricifolia, &c., (lillenin trifoliata, Cratsegus, sp., 
Cerasus pumila, C. nigra, (fee., Piirshia tridentata, Rubus, 20 sp., Pyrus 
sp., Robinia Pseud-acacia, R. hispida, Gymnocladus canadensis, Rhus 
tvphina, R. glabra, R. venenata, R. toxicodendron, (.fee., Ptelea trifoliata, 
Ceanothus americanus, &e., Rhamnus alnifolius, (fee., Ilex opaca, &c., 
Euonymus americanus, E. atropurpureus, 8 taph 3 dea trifolia, Ampelopsis 
hederacea, Acer rubrum, A. dasycarpiim, A. saccharinum, A. striatum, 
Negundo fraxinifoliuin, Xanthoxylum fraxineum, X. tricarpum, Tilia gla- 
bra, T. pubescens, Liriodendron tulipifera. 

In the northern parts (to 5(P-55'^ N. l.) no cultivation. South of this, 
the same plants as those cultivated on the second region, but Maize more 
extensively. t) 


5. Region of Magnolice (Southern Norths A merican^ or PursKs Region), 
Mean temperature^ 59° -73^ Fahr. 

Character. — A certain approximation to the tropical vegetation ; Oan- 
nesB (Ganna, Thalia), Palmae (Ohamfcrops), Yucca, Gycadefle (Zamia), 
Laurus, Ipomsea, Bignonia, Asclcpias, Oacteoe (Mammillaria, Opuiitia), 
Rhexia, Passiflora, Cassia, Sapindiis. 

Few Labiatfc, Caryophylleae, Umbelliferae, Cichoraceae, Geraniem ; few 
species of Aster or Solidago. 

Ttees with broad shining leaves and large flowers. 

Genera. — Ma^piolia, Jjiriodendron, Illicium, Asiniina, Dionaea, Pavia, 
Amorpha, Gleditschia, Baplisia, Petalostemon, Calycanthus, Oenothera, 
Claytonia, Rudbeckia, Liatris, Silphium, Kalmia, lloustonia, Frasera, 
Halesia, Dodecatheon. 

^Predominant trees and shrubs, — Magnolia grandiflora, M. glauca, &c., 
Illicium floridanum, I. parviflorum, Liriodendron Tulipifera, Asimina, sp., 
Pavia flava, P.. macrostachya, &c., Amorpha fruticosa, &c., Gleditschia 
triacanthos, &c., Robinia viscosa, Cassia T?)ra, C. marilandica, &c.. Acacia 
glandulosa, Calycanthus floridu 8 ,^c., Kalmia hirsuta, K. cuneata, Opuntia 
vulgaris, 0. fragilis, O. missouriensis, Halesia tetraptera, II. diptera, Lau- 
rus Catesbyana, L. caroliniensis, L. Benzoin, L. Sassafras, &c., Juglans 
fraxinifolia, Carya aquatica, C. myristiciformis, Liquidambar styraciflua, 
Carpinus americanus, Castanea americana, C. pumila, Platanus occiden- 
talis, Quercus, 25 sp., Taxodium dislichum, Pinus Tseda, P. palustris, 
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Zainia integrifolia, Yucca gloriosa, Y. aloifolia, &c., Chamserops Hystrix, 
C. I'alraetto, C. sermlata. 

Cultivated plants , — About the same as in the third region, with the ex- 
ception of the Olive. Cultivation of ilice more extensive. In the southern 
parts some tropical plants, especially the Sugar-cane. 


0. llegion of Camelliece and Celastrinece {Chinese ^ Japanese^ or Kcempfer's 

Region), 

, 3Iean temperaiurey o4°-08° Fahr. 

Character . — ? 

Genera. — Magnolia, Nandina, Eurya, Camellia, Thea, Celastrus, Ilex, 
Euonymus, Ikimalda, llovenia, Kerria, Spiraea, Gono(;arpus, Lagerstroe- 
mia, Aiic.uba, llladhia, Doraeiia, Eleagnus, l^olygonuni, Pollia. 

Rredominant trees and shrubs . — Khapis flabolliformis, Finns sinensis, 
&c., Cunninghamia lanceolata, &c., Taxus nucifera, F. verticillata, Salis- 
buria adiantifolia, Cryptonieria japonica, (.^uprcssus pendiila, Juniperus 
virginiana, Thuja orientalis,T. dolabrata, Quereus glabra, Q. glauca, Aliius 
japonica, Juglans nigra, Broiissonetia papyrifera, Daphne odora, Lauriis 
glauca, L. lucida, L. iimbellata, L. pcduucuiata, Oloa fragrans, Diospyros 
Kaki, Mespilus japonica, Sophora japonica, Acer japonicum, A. septem- 
lobatum, A. palniatuin, *fcc., Camellia japonica, (h Sasaiiqua. 

Cultirated plants. — Rice, Wheat, llarley, ()ats, Doura (Sorghum vul- 
gare), Milh;t (Eleusine conwianat, lluckwheat. Sago (Cycas revoluta), 
Taro (Arum or Caladiiuu esculentum*), F>atata‘>», or vSwect l*olato j various 
species of I’ear, Apple, Crab, &c., Quince, Plum, Apricot, Peach, Medlar j 
many species of Citrus (Oranges, Shaddocks, &c.), Melons. 

Tea, Rapes (Rrassica sinensisj. Radish, Cucumber, Conomon, Gourds, 
Wat«?r-Melon, Anise, Star-Anise, Soja, Nelumbium, Trapa, Scirpus tiibe- 
rosiis, Convolvulus reptans, Beans, Peas, Solanuni ivthiopiciim, Sesa- 
inum, Hemp, Paper Mulberry, Cotton, Indigo, Isatis indigotica, Urtica 
nivea. 


7. Regimi of the Scitaminece {Indian, or Roxburgh's Rejion), 

Mean tempei'ature, G6°-83’^ Fahr. 

Character . — The tropical Orders make their appearance, or become more 
abundant : Palmai, Cycadeie, Scitaminete, Aroideae, Artocarpete, Urticeic, 
Euphorbiaceae, Lauracese, Convolvulacea^, Bignoniaceee, Apocyiiea?, Ru- 
biaceoB, Leguminosa), Terebinthaceae, Meliaceje, Guttiferaj, Sapindacese, 
Byttneriacea3, Malvaceso. 

The extra-tropical vanish, or only present themselves sparingly : Ccri- 
cea 3 , Coniferae, Amentaceie, Labiatae, Boragineie, Compositie," Rosacea?, 
Caryophylleae, CistaceaB, Cruciferae, Ranunculaceae. 

Genera. — Uvaria, Grewia, Eriolaena, Garcinia, Buchanania, Crotolaria, 
blemiugia, llutea, Carpopogon, Jambosa, Gmllola, Tectona, Holmskiol- 
dia. Ficus, Phytocrene, Calamus. 

The trees are never without leaves. The number of arborescent plants 
is greater thtfti outside the tropics. Large and splendid flowers. Many 
climbing, parasitical, and epiphytic plants. 

Predominant arborescent plants . — Dillenia omata, D. scabrella, Uvaria, sp.. 
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Miclielia Oampaca, &c., Bombax See,, Sterculia, sj)., Astrapoa 

Wallichii, Ebriocarpus, sp., Calopbyllum, sp., (larcinia, sp., Sapimlus, sp., 
Swietoiiia febrifiiga, Ci8sius,sp., Aquilaria inalacconsis, Semecarpus Anacjar- 
dium, Molaiiorrlicea iisiitata, Mimosa, sp., Acacia, sp., Amherstia nobilis, 
lHero(;arpus santaliniis, Cassia listula, Jambosa, sp., Gardfmia, sp., Naiiclea, 
sp., Uncaria (jambir, Diosoyros Ebeuuin, &e., Urc(H)la clastica, Jb^nonia, 
sp., ATicennia tomontosa, Tcclonagrandis,T. llamiltoiiiaiia, rjauriis Cassia, 
L. Ciniiamomuni, L.iiialabathrica,Tetrantlicra, sp., Myristica, sp., llernan- 
dia souora, Ficus reliposa, F. indica, F. clastica, F. benjniiiina, and many 
others; Cycas revoluta, Borassus tlabellitbrmis, Cocos niicilera, Palate 
sylve’stTi.s, ^letroxylon Sa^us, Calamus Rotang', C. riidentum, C. Ih-aco, 
&c., Areca Catechu, Tiilicra beiigalcnsis, Dracinna Draco, Paudanus odora- 
tissimus, Flag(dlarm indica, Banibusa arundinact?a. 

Cultivated plants. — Rice, Millets, &c. (Panicum frunientaccum, Eleusino 
coracana, Sorghum, sp.), Sago (Cycas circiiialis), Vams, Ci round-nut ( Ara- 
chis), C'oeoa-nut, Tamarind, Mango, Maiigostt'cii, Banana, Plantain, Rose- 
Apples (Eugenia, Jambosa), Guava, Oanges of various kinds, Shaddock, 
"VX ater-Melon, Sugar, (.b)llee. Cloves, Peppers, ( iingcT, Cardamuins, Tur- 
meric, Cotton, Indigo, ka., Soja, Beans, Pulses (Dolichos, sp.). 

8. Itegion of lthododendron-‘trecs (EmodiCf or WaJUolis Ihpiou). 

AltitmlcSf 5,000-1 2,^ KK) feet. Mean temperature j 0(F~)17‘^ hblir. 

Character. — Tropical forms disapnear or d(*crease ; — Palnne, ('ycadejc, 
Scitaminea,', Euphorbiact‘ic, Solanaccje, Con\<dvula(U‘{e, Apocynaeea?, Te- 
rebiuthacoa;, Leguminosje, Malvacem, Anonaceie. 

Extratropical, especially European, forms come to light, or become 
more abimdant than in 7, such as Cariceai, Amentaceje, (kmiferje, INdy- 
gonem (Riimex, Polygonum, Rheum), Primulaceaj (Primula, J..ysimachia), 
LabiattC, Ericace.'o (Rhododendron, Andromeda ),( 'ichoraceje, Finbelli- 
fene, Rosacea) (P(Uentilla, Rubus, Rosa, Pyrus, ^lespilus, Primus), Ace- 
racea?, Caryophyllacefe (Stollaria, Cerastium, Arenaria), Crucifera\ 
Ranunculaceie ( Aconitum, Raminciilu.s, Thalictruin ). 'J’he ( )rchide;e and 
Ferns are very numerous. Other charact(*ristic forms are the 

(lenera. — Allium, Paris, Plantago, Veronica, Rhinanthus, Pedicularis,' 
l)idyniocaq)e8e,Gentiana, Swertia, Campanula, Valeriana, (laliiim, Cornua, 
Viburnum. 

Most important frees and. shruh'. — Piniis Pindrow, P. Webbiana, P. 
excelsa, P. Khutrow, P. ( kTarcliana, Abies 8mithiuna, A. Browniana, 
Cedrus Deodara, (Jupressus torulosa, Podocarpus latifolia, .luniperus 
squamata, J. (*xcelsa, ()uercu.s spicata an<l ton other sp., Corvlus t(*roA’, 
Betula utilis, B. nitida, B. alnoldes, Alnus mpalensia, Salix disperma, S. 
cuspidata, japonica, Daphne cannabina, D. Gardneri, D. sericen, D. 
Bholua, Elmagnus arborea, E. conferta, E. umbellata,Ilippophae salici folia, 
Fraxinus floribunda, Ligustruin nepai ms/?, L. ])racteoiatum, Xylostmim 
ligustriuum, Caprifolium jsponicum, i ’. macranthum, Cornua oblonga, C. 
capitata, Viburnum foetidum tHcc., Andromeda fonnosa, A. ovnlifolia, Ac., 
Rhododendron arboreum, R. barbatum, R. Falconeri, and many other sp. ; 
Iledera Hainla, Ac., Ilex dipyrena, 1. odorata, Ac., Ribos Takaro, Rosa 
microphylla, Ac., Rubus rugosu.s, R. betulinus, Ac., Spirma canoscens, Ac., 
Neillia thyrsiflora, N. rubiflora, Pyrus Pashia, Mespilus affinis, M. Cuila, 
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&c., Prunus midulaia, P. corasoides, llhus juglandifolium, R. fraxinifolium, 
cV:c., lUiainnus, sp., Celixatrus, sp., Euonymus^ sp., Acer acuniinatum, A. 
obkmguni, Dobmfjca vulgaris, Magnolia, sp., Bcrberis asiatica, B. Wal- 
lichiarui, B. Miccia. 

Note. — Tlio western portion of tlio Ilimfilayas differs considerably frona 
the ('astern portion, from th('. predominance of Dicotyl('donous forests and 
a damp climate in the former, with a rarity of Conifers until the limit of 
Abies Sinithiana (10, (XX) feet) is attained, and an extension of the trcmical 
plants to a greattT altitude j while in the drier eastern portion the Cfoni- 
fers ar() diffused throughout, th() forests less considerable, and the plants 
of t('mp(‘rate elfmates diffused lower down. 

Viiltimted plunU. — The cereals and orchard fruits of Europe, mountain 
Rice, and a few tropical plants in the lower regions, 

0. Polpicsian (or Iteimvarclt's) Region, 

Mean temperature^ 6(P-84^ Fahr. Altitude^ 0-5000 feet. 

Vhnracler . — Resembling that of the Indian region. The principal di- 
stinction consists in the greater number of Orchidete (e^'>f*cially parasitic 
speitics, which appc'ar Iku’o in many peculiar forms), of Ferns, and species 
of I'icus. A slight approximation to the Australian forms: M(diileuca, 
Mtdrosidtu’os, Pixjtcjaceje (Ifeliophyllum). Among the other character- 
istic forms are th(‘ 

Gemra. — Eicuala, T.odoicea, Rafllesia, Brugmansia, Stemonurus, An- 
tiaris, Myristica, Nomaphila, il 3 ’driphytum, Philagonia, Rsonk'clda, 
Kcliinocalpus, Avomadendron. 

rrvdominunt trees and shridjs. — Primaeval forests, c9inpos('d especially 
of spf'cies of Ficus, Lauraciw, Calamejv., and Bignoniacero, with Licuala 
spociosa, Lodoicoa seychellarum, Broussonetia papyrifc'ra, Artocarpus in- 
cisa. Autiai'is toxicaria (Upas), Myristica, sp., Ardisia, sp., Tectona 
graudis, Stryt'hnos Tieutts Diospyros, sp.,BaiTiiigtonia speciosa, B. ex(^elsa, 
Piiilagonia "pvocc^ra, C.r^reiis, sp., Oalophylluni Inophyllum, Kheocarpus, 
s])., Es«‘nb(M’kia altissima, Kchmocavpus Sigun. 

Cidfirafrd plants. — The same as in the Indian region, with Jiread-fruit, 
('assava., luocarpus edulis. Nutmeg, Camphor, Papaw. Cotton (tree, &c.), 
rapcr-mulberry, Hemp. 

10. Upper Javan (or Rltnne^s) Region. 

Altitnde, 5000-12,000 feet. 

Vhnrneter . — This region bears a certain resemblance to the Emodic 
region, and ought peihaps to be united with it. T'xtratropical forms it- 
placo the tropical. Oak-woods replace the forests of Ficus ; and these are 
succeeded hy forests of Podocarpus mingled with Tenislroemiaceoiis trees, 
above which the shrubby Tleathw (Thibaudia) and woody Gnaphalia occur 
at a coniparatively Ioav elevation (9000 feet), where the tr(*es cease. 

Gmera. — Plantago, Lysimaebia, Veronica, Gentinna, Sw-^ertia, Vac- 
cinium, Gaultheria, Viro^^a, Thibaudia, Beilis, (Taliuni, Saprosma. 

Characteristic trees a7id slmths. — Ternstroemiacem ((^leyera), Gordonia, 
Schima, Eurya, Meliacea', arborescent Eumtorieiv, Lauracese, Ficus, 
Podocarpus ainara, P. irnbricata, P. latifolia, P. bracteata, Agathis loran- 
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thifolia, Quercus, IGsp,, Myrica javanica, Castanea javflnica,*0. arf^entea, 
&c Lithocarpiis javensis, Engelhai*dtia spicata, K ri}:,^ida, Thibaudia, sp., 
Bongosa, Viburnum, sp., Sambucus javanica, llioiuospermum arbo- 
reum, Mespilus, sp. 

11. Oceanic {or Chamisso's) lletjum. 

Mean TemiieraturCf Fabr. 

Character. — A sparing and not very peculiar flora. Greater approxi- 
mation to the flora of Asia than to tbat of Africa ; some alliuity to tJie 
Australian (Gaauarina, Proteafieae, Myoporum, Epacridooe, Melaleuca^ 
Acaciae apbylloe). 

Schiedea* Antholoma, Aporetica, Crossostylis, Codia, Timo- 
nius, Kadua, Cyathostegia, Argophyllum, Melodinua, Ascarina. 

Predominant trees and shrubs. — Dracmna terminalis, Tacca pinnatifida, 
Pandanus odoratissimus, Cocos nuciferu, Corypha uinbraculifljra, (^upressus 
columnaris, Casuarina equisetifolia, C. noditlora, Fiiais, sp., Artocarpus 
incisa, Aleurites triloba, Einbothriuin strobilinum, Scjevola Kcxiiiigii, \ac- 
cinium cereiim, Lobelia arborea, &c. ; Coflea kaduaria, C. Mariniaiia, 
Kadua Cookiaua, &c., Khizopliora Mangle, li. gymnorhiza, Terminalia 
Catalpa, Barriiigtonia spociosa, Melaleuca virgata, &c., O-steonieles anthyl- 
lidifolia, Cas-sia iSopliora, IMimosaMangiiim, Adetinntliera scandens, Iflaek- 
burnea pinnata, (^’alophyllum Inopliyllum, Cliisia 8e.ssilis, (J. pedicellata, 
Sapindus Saponaria, Dodonfea spathulata, 1). viscosa, Aporetica pinnata, 
A.temata, Grewiu Mallococca, Sterculia Balangas, 8.fcetida, Oomniersonia 
echinata, Tetracera Euryandra. 

Cultivated pUmt$. — Bread-fruit, Taro (Arum esculentum), Arum sa- 
mttlfolium, A. microrhizon, Tacca pinnatifida. Convolvulus chrysorbizus, 
Yam (Dioscorea alata), Cocoa-nut, Banana, Inocaimiis edulis, Sterculia 
Balungas, Ficus luspera, F. Granatum, Shaddock, 1 log-plum (Spondiaa 
dulcis), Miinusops dissecta, Terminalia glabra, Crat.neva religiosa, l^lugenia 
nlalaccen^s, Dracoena terminalis, Macropiper methysticum, Areca oleracea, 
Paper-mulberry. * 

12. Region of Balsamic trees {Arabian or ForskaPs Region), 

Character. — Tropical ; in greatest part, Indian forms. 

Characteristic genera , — Striemia, Mierua, SeiTfca, Oncoba, Caucanthus, 
Gemma, Balsamodendron, Cadia, Orygia, Simbuleta. Some approxima- 
tion to the South- Africafi flora (Stapelia, lla) man thus). 

Predominant trees and shrubs. — ^Pandanus odc>ratissimus. Ficus Syca- 
morus, F. wilicifolia, F. populifolia, F. ForskSlii, F. palmata, F. serrata, F. 
S«r, F. Toka, Avicennia tomentosa, Cynanchum arboreum, Balsanioden- 
droji gileadense, B. Opobalsamum, B. Kataf, B. Kaful, Celastrus edulis, 
0. parviflora, Grewia populifolia, Maerua uniflora, M. raceraosa. 

CiUtivated plants. — Millets (species of» Sorghum), six-rowed Barley, 
Maize, Arum Colocasia, Date-palm, Plantain, Cocoa-nut, Tamarind, Fig, 
Papaw, Peach,. Apricot, Plum, Apple, Quince, Vine, Coftee, Sugar, Ginger, 
Radish, Spinach, Gourd, Dolichos, sp., Tree-cotton, Indigo.^ 

Thip region extends to the plains of North-east India (Scinde), 
and should probably include part of Persia, and also of the Abyssinian 
region. 
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13. The Desert Region {DelUe's Regim)» 

Mean temperaiure, 73^-86° Fahr. 

Character,— A. very poor flora. No characteristic Orders or genera^ 
but tlie fullowipg species : Pennisetuiii dichotomum, Phoenix dactylifera, 
Cucifera lliebaica, Euphorbia mauritauica, yErua tomentosa, Acacia nilo- 
tica, A. arabica, A. ffummifera, A. Senegal, Cassia obovata, C.^Singueana, 
Mhagi niaurorum, Mimosa llabbus, Zizyphus Palma Chris ti, ZygophyUum 
simplex, Z. album, Fagoiiia arabica, F. Oudneyi. 

CultivatioH. — Only in the Oases; here principally the Date-Palm, 
Doura TSorghilm vulgare), Wheat, Barley. South -European and certain 
Indian iruits. 

14. Region of Tropical Africa (Adanson's Region), 

\_The Interior little knoivn,'] 

Mean temperature, 73^-8rP Fahr. 

Character . — The flora is remarkable for the^arge number of peculiar 
generic types, each often containing but few species. Leguminosse, Ru- 
biaceje, Cyperacea) very prevalent. Comparatively few species of Palmae, 
Filioi s, Scitamiueui, Piperacejo, Passiflorese. 

Genera. — Adaiisonia, Dombeya, Melhania, Christiania, Pentadesma, 
Napoleona, Parkia, Tlionningia. 

Predominant trees and shrubs . — Anona senegalensis, &c., Cadaba fari- 
nosa, ('ratiova Adansonii, Cappm^s edulis, Pentadesma butvracea, Bom- 
bax peutandrum, B. guiiieense, Adaflsonin digitata, Sterculia acuminata, 
Grewia carpi nifolia, Acacia, sp., Cassia occitleiitahs, Pterocarpus esculen- 
tus, Parkia africana, Chrysobalanus Icaco, Conocarpu^ pubescens, Rhizo- 
phora, sp., Psychotria, sp., Bignonia tulipifera, Avicennia africana, Eu- 
pliorbia (shrubby species). Ficus, sp., Elais giiineensis, E. melanococca, 
Rhapis vinifera, Iflicenix spinosa, Pandanus candelabrum. 

Cultivated plants. — Maize, Rice, Millets (Sorghum vulgare, saccharatum, 
J’anicuni, sp.), Yam (Dioscorea alata, sativ|i), (Jassava, Arum eBculentum, 
Plantains, Mango, Papaw, Pine-apple, Oil-palm, Cashew-nut, Figs, Tama- 
rind, Citrus, sp. (Oranges, Limes, Lemons, &c.), Cofl'ee, Su^r, Ginger, 
Cardamoms, Grains of Paradise, &c.. Beans of various kinds, and i)o- 
lichos pulses. Ground-nut (Arachis), edible Solana, Cotton, Tobacco^ 

15. Region of Cacti a7id Fiperacece (Jacquin'S Region), 

Mexico, Guiana, 

Altitude, up to 5000 feet. , Mean temperature, 68°-84° Fahr. ^ 

Character. — Bromeliacese, Piperacea3, Passifloraceae, Cactaceae, Euphor- 
biacesB, Convolvulacem, Apo^macele,^ Rubiacem. Tropical Orders less 
frequent here than in other places within the tropics : Filices, Scitami- 
neie, Orchidacem, Myrtaceas, Leguminosse, Terebinthacese, Aur^tiaceee, 
Tiliacese, Malvacese. Extratropical Orders appearing or becoming more 
abundant : ^abiatse, Ericacese, Campanulacese, Compositae, Umbelliferse, 
Crassulacese, Rosacese, CaryophyUacese, Cruciferse, Raminculacess. 

Characteristic genera, — ^Phytelephas, Kunthia, Galactodendron, Podo- 

2 G 
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pterus, Salpianthus, Russellia, Lagascea, Gronovia, Inga, Thouinia, Lace-^ 
pedia, Theobronia, Guazuma. 

Predominant trees and shrubs . — Cyathea spinosa, C. villosa, Menisciuni 
arborescens, Agave americana, Yucca acaulis, Cocos nucifera, C. buty- 
racca, Mauritia flexuosa, Martinezia caryotifolia, Oreodoxa montaiia, 
Kunthia montana, Chamajropa Morini, Coryplia Miraguama, C. Pumos, 
C. tectorum, &c., Liquidambar stymciflua, Cecrcjpia peltata, Galactoden- 
dron utile, Rhopala ovata, Avicennia tomentosa, Ehretia ternifolia, Cordia 
dentata, Cereus, sp., Melocactus, sp., Opuntia, sp., Peruskia, sp.. Mam mil- 
iaria, sp., Lecythis elliptica, &c., Eertholletia excelsa, arborescent 
etomoB, BauMnia splendens, B. suaveolens, &c., Htematoxylon campe- 
chianum, CsBsalpinia cassioides, &c., Acacia cornigera, A. foetida, &c., 
Ilymenaoa Courbaril, &c., Inga Humboldtiana, I. insigiiis, &c., Mimosa, 
sp., Swie tenia Mahogani, Bonplandia trifoliata. 

Cidtivided plants. — Maize, Boura, Cassava, Yam, Batatas, Plantain, 
Mango, Custard-apples, Guavas, Cocoa-nut, Papaw, Peacli, Pine-appk', 
Cashew-nut, Tamarind, species of Citrus, Granadilla, Vine, Cac*tus-lig, 
Rose-apple, Cocoa, Vanilla, Coffee, Sugar, Tomatos, Capsicums, Pigeon- 
peas (Cajanus), Ground-nut, Cochineal-cactus, Tobacco, Cotton. 


16. Pegion of the Mexican Highlands (Boyipland\^ P(gion). 
Altitude^ above 5000 feet. Mean temperature, C7°-79® Fahr. 


Character . — Tropical forms vanishing or decreasing : Tree-ferns, Palmoe, 
Piperacese, Euphorbiacea), MelastopiaceoB, Passifloracom. Extratropical 
forms make their appearance or become more abundant: Amentacere 
(Salix, Quercus), Comferae (Pinus, Cupressus), Labiatm (Salvia, Stachys, 
Mavrubium),PedicVilaris, Anchusa, Myosotis, Polemonium, Ericacere (Vac- 
cinium. Arbutus, Arctostaphylos), Compositio (greatly increasing), 
Valeriana, Galium, Comus, Caprifolium, Umbelliferjo, Rosaceie (Amyg- 
dalus, Mespilus, Rosa, Potentdla), Cary ophy Hem (Arenaria), Cruciferm 
(Braba), Ranunculaceao (Anemone, Ranunculus). 

Characteristic genera. — IVIirafcilis, Maurandya, Leiicophylliim, IToltzia, 
Dahlia, Zinnia, Schkuhria, Ximenesia, Eopezia, Vauquelinia, Choisya, 
Cheirostentun. 

Predominant trees and slmihs . — ^Pinus occidentals, Abies hirtella, Cu- 
preous thurifera, C. sabinoides, Taxodium distichuin, Quercus (16 sp. ), 
iSalix Bonplandiana, S. paradoxa, &c.. Arbutus mollis, A. petiolaris, Arc- 
tostaphylos polifolia, A. p\ingens, i&c., Vaccinium geminitiorum, V. sta- 
mineum, V. confertum, Rosa Montezumm, Mespilus pubescens, Amyg- 
dalus microphylla, Cheirostemon platauoides. 

Cultivated plants. — Maize, European cereals and fruits. 

^ote . — In the uppermost regions of the mountains the flora acquires an 
alpine aspect. Here occur Cyperus toluccensis, Chelone gentianoides, 
Cnicus nivalis, Ageratum arbutifolium, Senecio (many procumbent species), 
Potentilla ranunculoides, Lupinus «legans, t . montana, Arenaria bry oides. 


17. JRegion of Cinchotias {Andes, or Humholdds Peg^qn). 

Altitude, 6000-9000 feet. Mean temperature, 69°-68° Fahr. 
Character , — ^Extratropical forms make their appearance, or become 
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more frequent. Graminaceoe, Amentaccas (Quercus, Salix), Labiatse 
(Halvia, Staebya, Scutellaria), Anclmsa, Myosotis, Swertia, Ericeae, Com- 
positaj (very numerous), Oaprifoliacea3 (viburnum, Sambucus), Umbel- 
liferse (Ferula, Ligusticum), Rosaceie, Cruciferai, Ranunculaceas. On 
the other hand, certain tropical forius vanish or become rarer, but a few 
particular species of Palma?, Piperaceae, (hictaeesef Passiflora, and Mela- 
stomaceaj ascend to a considerable altitude. 

Lilaea, Cervantesia, Oreocallis, Lachnostoma, Gaylussaccia, 
Stevia, Flayeria, Tagetes, Espeletia, Cinchona, Guilleminia, Loasa, Ka- 
gencckia, NegrCifia, Amicia, Perottetia, Dulontrea, Laplacea, Freziera, 
Abatia, Monniiia. 

Predominant trees and shrubs, — (3reodoxa frigida, Ceroxylon andicola, 
Podocarpus taxifolia, Salix Ilumboldtiana, Quercus Iluinboldtiana, Q. 
almaguerensis, Q. tolimensis. Ficus vclutina, Rhopala cordifolia, (Dreo- 
callis grandillora, Persea hnvigata, P. Mutisii, P. sericea, Ocotea mollis, 
O. serict'a, Vacciiiium caracasanum, Andromeda bracaniorensis, Befaria 
glauca, B. ledifolia, Cincliona Condaminea, C. cordifolia, C. oblongifolia, 
C. lancilblia, &c., Weinmannia elliptica, W. Balbisiaua, &c., Osteomeles 
glabrata, I tubus floribundus. Ilex buuieloides, I. myricoides, Clusia el- 
liptica. 

Qidtimted plants , — The tropical cultiviited plants mentioned under 15 
almost entirely disappear j Maize and CofTee, however, are cultivated in 
this region ; after these come the European cereals and fruits, Potatoes, 
and Ohenopodium Quinoa. 

18. llegion of Escallonice and Cakeolarim (Ruiz and Pavon's Reffion), 
Altitude f 9600-18,000 feet. Mean temperature^ 51^-34° Fahr. 

Character, — The tropical forms have disappeared almost entirely, but 
the following genera still occur; — ^Tillandsia, Oncidium, Peperomia, 
Rhexia, I’assitlora. The forms which characterize the colder temperate 
and the polar zones become more common: Lichenales, hlusci, Carex, 
laizula, Alims, Itumex, Plautago, Gentiana, Swertia, Vaccinium, Cam- 
panula, C^icalia, Sonecio, UmbellifeKe, Valeriana, Saxifraga, Ril^^s, Rubus, 
Alclieniilla, Caryoiihyllacese (Sagina, iirenaria, Cerasuum, Stellaria), Cru- 
ciferm (Draba, Arabis). 

Predominant Orders, — Composite, Graniinacete, Ericacem. No laf^e 
trees. 

Characteristic genera. — Desyeuxia, Tigiidia, Gardo<|uia, Calceolaria, 
Thibaudia, Lysipoma, Barnadesia, Ilomanthis, Chuquiruga, Culcitium, 
AVernera, Duinerillia, Escallonia, Pectophytum, Ivlaprothia, Polylepis. 

Predominant shrubs . — Alnus ferrugiiiea, A. acuminata, Vaccinium acuj 
minatum, V. empetrifolium, V. floribundum, &c., Thibaudia rupestris, T. 
lloribunda, T. longifolia, T. strobilifera, Befaria grandiflora, B. coarctata, 
Ribes frigidum, Escallonia myiitilloides. E. tortuosa, E. berberidifolia, 
Ilex scopulorum, Brymis granateusis. 

19. West-Indian (or Swartz* $) Region, 

Mean temperaUire, 69°~79° Fahr. 

Character , — xne flora of this group of islands approaches that of the 
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adjacent continent, but is distin^uiahed especially (like the Pohoiesian 
from the Indian tlora) hy the great quantity of Pilices and Orchidacoju. 
In addition to these Orders, Ave find among the characteristic forms the 
following : — 

Genera. — Thrinax, Epistyliuni, Alchornea, Tanaecium, Tetranthus, 
Catesbina, Belonia, Portlanclia, Picramnia, Legnotis, Lithophila, A^alen- 
tinia, Ilypelate. 

The following are deser\'ing of mention among the predominant trees 
and shrubs : — Cocos nucifera, Piims occidentalis, Laiirus, sp., Melastoma, 
sp., Myrtus, sp., Sterculia, sp., Uvaria, sp. 

OultimUd i^lants the same as in 15. 


20. Region o f Palms and Melastomee (^lirazUian or Martins's Ileyio}i). 

Mean temperature j 50"-8T’ Fahr. 

Character. — I’robably that portion of the globe in which the Vegtdjibh) 
Kingdom presents the greatest profusion and variety. Abundance r»r 
genera and species, magnitude of individuals, impenetrable (priimeval) 
forests, numerous climbing and parasitical plants. Amoiig the charac- 
teristic although not peculiar Orders may bo Jiam(‘d Palmm, Mamio- 
doracem, Gesneracem, Melastomacem, and Sapindaceje ; tlie Vocliysiacea3 
are peculiar. The peculiar genera are too numerous to be all mentioned 
here ; among those richest in species (ire the 

Genera. — Wdlosia, llarbaciuiia, ^laniliot, Franciscea, Ditassa, Lyciio- 
phora, Diplusodon, Kielmeyera, Sauvagesiti. Lavradia. 

^Characteristic (fcnera and species^ according to the different modes of 
ocain'ence . — In the priimeval forests: lAilms of various genera, Thoa, 
Ficus, Cecropia, Anda, Illiopala, Mvristica, Jlignnnia, Tln^ophrasta, Stilftia, 
Oxyanthus, Coutarea, Psyidiotria, iBertiera, Feiiillea, (hirica, xMyrtus, (Jiis- 
tavia, Leevthis, Bertholletia, Melastoma, llymejuea, Dimorpha, Tratti- 
nickia, Pilocarpus, Trichilia, Cedrela, Oupania, Banisteria, llippocratea, 
Caryocar, Marc^gravia, Clusia, Calophylluiu, ISloanea, Giitliea, Lebretonia, 
Abroma, Carolinea, Bixa, Uvaria. 

In the (3^atingas (or open woods, where tlie trees lose tlieir leaves in the 
dry season) : Jairopha, sp.. Acacia, sp.. Mimosa, sp., Oinsalpinia pubc‘scens, 
&c. , Spondias tuberosa, Thryallis brasiliensis, Chorisia ventricosa, Bombax, 
sp., Eriodendron, sp., Pourretia ventricosa, Oapparis lineata, &c., Anona 
oDtusifolia, &c. 

In the Campos (open treeless plains): Panicefo, Amaryllis, xAlstrce- 
meria, Vellosia, Barbaceiiia, Burmannia, Stelis, Cnemidostachys, Ithopala, 
Laurus, Ocotea, Gomphrena, Lantana, Echites, Ilfancornia speciosa, lies- 
jfbra, Lycnophora, Baccharis, Vemonia, Mikania, Stevia, IMelastoma, 
Khexia, Terminalia fagifolia, Gaudichaudia, Sauvagesia, Lavradia, l^lect- 
anthera. 

On the sea-coasts:^ Cocos soliizophyila, Diplothemium maritimum, 
Eriocaulon, sp., Xyris, sp., Avicennia tomentosa, Rhizophora Mangle, 
ConocaiTpus erectus, Laguncularia racemosa, Biicida Buceras. 

Cidtivated plants^ about as in 16. 
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21. Regim of shrubby Co^npomtce (fExtratropical S^-Amencarif or St.- 
Hikiire's Region). 

Mean te7nperature, •59°-74° Fahr. 

Character . — The tropical forms decrease or vanish; extratropical^ 
especially Furopean, forms take their place: Ranun^iulaceae, Cruciform, 
Helianthomum, Caryophjyllacem, Lathyrus, Galium, Teucrium, Plantago, 
Carex ; a few South- Afncan forms, Polygala, Oxalis, Gnaphalium. This 
region lias more tlian half its genera in common with Europe. Numerous 
Composite ; mjiny among these shrabhy. 

Gemira. — Larrea, Hortia, Piposis, Boopis, Acicarpha, Cortesia, Petunia, 
J aborosa, Tricycla, Caperonia, Bipennula. In great part consisting of open 
Hat plains (Pampas), over which Grasses and Thistles prevail. 

Cultivated plaids . — Mostly the European : Wheat, Vine. The Peach is 
very widely spread. 


22. The Antarctic Regim (jy TJrvilleh Region). 

Mean temperatm^e, 4P-48'^ Fahr. 

Character . — Grejit v(‘semblance to the North-European flora (Region 2). 
The tropical forms have entirely vanished. 

Predominant Orders. — Oompositm, Graminacero, Caricem, Musci, Li- 
chenos. The following are also common: Ranuncnlaceae, Cruciferm, 
CaryophyllMcem, Rn- ncem, ITmbefliferm. Two-thirds of the genera in 
common" with Europe. A slight approximation to South Afiica (Gla- 
diolus, Witsena, Galaxia, Crassiila) and to Australia (Embothriimi, 
Ourisia, Stylidifo, Mniarum). * 

Characteristic genera. — Gainiardia, Astelia, Callixene, Philesia, Pra- 
potes, Baia, OalctMihiriji,, Pernettya, Oligosporiis, Nassavia, Bolax, Azorella, 
Ponatia, Acmna, llamadryas. 

Predominant trees and shrubs . — Fagiis antarctica, Salix magellanica, 
Embollirium coccineum, Pernettya empotri folia, P. mucronatii, Andro- 
meda myrsinites, Baccliaris trident ata, Chiliotrichuni amelloides, Ribes 
magellaiiicum, Escallonia serrata, Fuchsia coccinea, Myrtus li^mmularia, 
Berbtu'is ilicifolia, B. inermis, B. microphylla, B. empetrifolia, Primys 
Wiiiteii. No cultivation. 


23. Region of Stapeliee and Mesembryanthema {S. African^ or 
Thunberg's Region). 

Mean temperature, 54°-73° Fahr. ^ 

Character . — A flora very rich in forms, but not luxuriant ; no large dense 
forests, or abundance of climbing plants, &c. ; many succulent plants. 

Charactenstic Orders, — Restiacepo, Ijidacese, Proteacea?, Ericaceaj, Fi- 
coidem, Bruniaceoc, Diosmem, Gerauiacete, Oxalidem, Polygalaceas. 

Genera. — Restio, Ixia, Gladiolus, Morrea, Watsonia,IIpeinanthus, Stru- 
maria, Aga]^nthus, Eucomis, Massonia, Strelitzia, Passerina, Gnidia, 
Protea, Leucadendron, Ijeucospemium, Serruraria (and many other Pro- 
teacece), Stilbe, Selago, Sta]^lia, Erica, Gnapbalium,^ Helichrysum, Stobsea, 
Pteronia, Osteospemium, xarchonanthus, Relhania, Gorteria, Arctotis, 
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Othonna, Stoebe, (Edera, Anthoapermum, Mesembryanthemum, Vahlia, 
Liparia, Borbonia, Lebeckia, llattma, Aspalathiis, Stavia, Bninia, Phylica, 
Diosina, Pelargonium, Oxalis, Sparmannia, Muraltia, Polygala, Pensea, 
AVehvitschia. 

Predominant fortns . — On tbe sandy districts of tbe coasts : Stapelia, 
Iridacefe, Mesembryanthemum, Restio, Diosma. On the mountains: 
Proteaceso, Erica, Orassula, &c. On the dry plateaux : Acacia capensis, 
A. giraffbe, A. detinens, A. viridamis, Euphorbia mauritanica, E. tenax, 
Poa spinosa, Mesembryanthemum, sp., Aloe, Iridacese, Erica, Diosmese, 
Restio. I 

Other remarkable Hfemanthus coccineus, Amaryllis toxicaria, 

Testudinnria montana, T. elephantipes, Podocarpus elongatus, Salix 
gariepina, Protea mellifera, P. grandiflora, Jjeucadendron argenteum, 
Laiirus bullata, Lycium tetrandruhi, Olea similis, Rhizogum trichotoinum, 
Tarchonanthus camphoratus, Stoebe rhinocerotis, Orassula coccinea, Por- 
tulacaria afra, Mesembryanthemum edule, M. turbiniforme, Metrosideros 
angustifolia, .icacia elephantina, Zizyphus biibalina, Calodeiidron caponso, 
'VVelwitschia mirabilis, Succulent vines (Vitis), &:c. 

Cultivated plants . — The European cereals, fruits, and esculent vege- 
tables; also Sorghum caffi’orum, Batatas, Plantains, Tamarind, Guava, 
Shaddock. 

24. Pegion of the F.ueahjpti an(l Epacrides {Anstralmiy or 
R. Broioiih Region). 

Mean temperature , Fahr. 

Character . — One of the richest and most peculiar floras, but without 
any considerable profusion of vegetation. 

The charactenstic orders and genera are — Xerotes, Xanthorrhoea, 
Pterostyles, Casuarinse, Leptomeria, Pimelea, Proteacere (Banksia, Ilakea, 
Persoonia, Grevillen, Petrophila, Tsopogon, Dr^^andra), Myoporinefe, West- 
ringia, Logania, Mitrasacuie, Epacridacef© (Kpaeris, Leucopogon, Sty- 
phelia), Stackhousieoe, Scmvolea), Goodenoviejc, Stylidejc, Faicalyi)tus, 
Melaleuca, ^Leptospermum, Acacire aphyllse, Platylobium, Bossifea, Dios- 
meai (Boronia, Zieria), Pittospore®, Tremandrese. Pleurandra, Hibbertia. 

Rredominant trees and shrubs. — Three-fourths of the forests are com- 
posed of species of Eucalyptus, the number of which amount to more than 
a hundred. Next to these come Proteacepe, Epacridete, Diosmeae, Ca- 
suarinse, and Acaciae aphylhe, forming woods and “ bush.^’ Also Coniferne, 
Araucaria excelsa, A. Bidwilli, A. Cunninghamii, Cookii, Dacrydium 
Franklinii, Podocarpus spinulosa. 

^Cultivated plants . — In the European colonies the cereals, fruits, and 
vegetables of Europe. 

25, New-Zealand Aegion {Forster^ s Regicm), 

Temperate cUmate. 

Character , — Tropical forms vanish, or appear but sparingly. Half the 

f enera European. Approximation to Australia (PWelea. Myoporum, 
Ipacris, Styphelia, Cassinia, Melaleuca) \ to South Africa (Gnaphalium, 
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Xeranthemum, Totragonia, Mesembryanthemum, Oxalis) ; to the Ant- 
arctic region (Mniarum, Fuchsia, Acaena, Drimys). Very many Ferns. 

Genera, — Phormium, Pennantia, Knightia, Forsthra, Griselinia, Meli- 
cope, Dicera, Plagianthus, Melictus. 

Characteristic species . — Cyathea medullaris, Gleicheniafurcata, Dracaena 
ndivisa, D. australis, Phormium tenax, Areca sapi'da, Dacrydium taxi- 
folium, Dammara australis, Podocarpus Totarra, Knightia excelsa, Avi- 
cennia resinifera, Andromeda rupestris, Epacris juniperina, &c., Wein- 
mannia racemosa, Tetragonia expansa, Fuchsia excorticata, Melaleuca, 
sp., Dicera doniata, D. serrata. 

Cultivated plants . — Arum esculentum, Convolvulus chrysorhizus, Phor- 
miuni tenax (New- Zealand flax), Paper-mulberry. In the European 
colonies the cereals, fruits, and esculents of Central Europe. 


Sect. 4. Statistics op Vegetation. 

Various authors have made computations from existing 
data, with a view to ascertain the total number of existing species 
of Pliancrogamia ; but as the opinions of authors as to what limits 
a species are so extremely varied, it seems useless to occupy space 
with such speculative matter. The computations range from 100,000 
to 300,000 species and upwards. It is somewhat more easy to lay 
down some general statistical facts regarding the distribution, and 
particularly in reference to the relative proportions of the more im- 
portant Classes and Orders, in different regions offthe globe. 

947. Materials are insufficient to enable us to calculate the 
relative distribution of Cr}"ptogamia and Phanerogamia in different 
regions. The former appear to bear a higher proportion to the 
latter as we recede from the equator to the poles ; but this may 
depend upon our better acquaintance with the Cryptogamic Floras 
of the northern temperate regions than with the Cryptogamia of the 
warmer climates. 

948. As regards the relative abundance of Monocotyledons, and 
Dicotyledons in different latitudes, it is generally agreed that the 
proportion of Monocotyledons to Dicotyledons increases from the 
equator towards the poles, — a retrogression of the proportional 
number taking place, however, in the icy regions of the poles and on 
alpine summits. As a rule also, closely connected with the ab®ve 
statements. Monocotyledons are more predominant in proportion to 
the greater moisture of a climate. 

949. Probably no Orders *except» the Leguminosec and the Com- 
posite, contain a number of species amounting to 5 per cent, of the 
total number of Phanerogamic species. Thus the existence of species 
of one Order in any region exceeding in number 5 per cent, of all 
the species found there, indicates a predominance of that Order. If 
such predominance occur only in one region, the Order becomes 
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cliaractemtfc of ititii region ; if such predominance of the same Order 
occur in many rogions, it indicates wide dij/mion of that Order. 

In a very long list of Floras, IVoin all parts of the globe, compared by 
Alpli. T)e Candolle, it was found that only Orders of Phanerogamia 
formed more than 5 per cent, in any one or several regions. 

The Orders whicli presented in one or but a few floras from 10 to 19 
per cent, of the Phanerogamic species w'ere : — 


Caryophyllaceae . . Spitzbergon (14i per cent.). • 

Cruciterae Snitzbergen (19), and Melville Island (13^). 

Legiiminosffi Almost all intertropical and subtropical regions. 

Itubiaceae ....... Sierra Leone (10). 

Proteacem Australia (11 i). 

Melastomaceae . . West coast of tropical America (111), Brazil (?). 
Saxifragacem .... Spitzbergon (14-J), ^felville Island (15). ^ 

Solanaceao Asct'nsion (18) (naturalized). 

Myrtacem Brazil (?). 

Cyperacem T.apland (18), Iceland (11), Brocken (12). 

Orchidoceoo New Guinea (B»:. ), .lava (10), Maiu-itiiis (111), 

S. Mexico (lb). 


Of Orders ordinarily exceeding 10 per cent, of a flora, — 

Graniinacem constitut’d IS per cent, in Spitzb(‘rgen ; 21 in ^[elville 
Island; 27 in Kerguelen's T.and. C^nnposite, ISJ per cent, in California 
and ^Mexico: 19 in the Malouines; 21 in Chili; 22 at Quito; 25 in the 
S. of Buenos Ayres'; 27 in Juan Fernandez. 

Orders with more than 80 per cent, occurred in exceptional localities, 
viz. CompositJB (88,^) in the elevated parts of Chili, and Cyperacem (88J) 
at Tristan d’Acunha. 


950. Certain Orders predominate in particular latitudes, without 
being in their nature characteristic of those latitudes. 

m 

Thus, while in some regions of the tropical zone the Palms, Zingn- 
beraij^m, Marantacene, ^felastomacea), Malpighiacom, &c. are really cha- 
racteristic, the predominant npecies of the tropical floras are not mem- 
bers of such Orders as Lauracem, Menispenuaceai, Anoriacete, Bombnc’em, 
which have their maximum in hot climates, but belong to the Jjeg-uini- 
nosae, Graminacere, and Composite, which exceed 10 per cent, generally 
in the tropics: the Orchidacem and CyperacefB follow next, then Eu- 
phOTbiacese, Urticacem, Melastomacem,* and Scrophulariacere ; of which, 
Melastomacem alone belong exclu.sivelv to hot regions. 

Other Orders occurring in many tropical floras, but forming less than 
5 per cent, of the species, are : — , ' 

Convolvulaceje, Malvaeem, Piperaeere, Zingiberacene, and Marantacese, 
SolanaceaB, and less commonly Acanthaceae, Amentacem, Apocynaceco, 
Bignoniaceao, Boraginacem, Capparidacere, Cuciirbitacem, Oentiamicem, 
Lfibiatae, Lauraceje, Loranth{w;e8e, Malpighiacem, Myrtacem, Umbolliferm, 
PalmacesB, Passiflorace®, Ilosace®, Butace®, Anacardiace®, and Ver- 
benace®. 
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The Fems are likewise exeeeding’ly predominant in species in the 
islands of tlie tropics (](>, 21, 20 per cent). 

^ In northern temji(?rate latitudes (from the tropic to 60° N. lat.), again, 
Composita}, Graininaceoe, Cyperaceae, and Leguminoste predominate in 
species ; tlie Cyperacis'c increasing northward, the T^eguminosae rapidly 
deertnsing ((iraiiuda 8 per (umt., Yorkshire per cent.). Next follow 
Crneiferas, Umhelliferte, and Caryophyllacefe ; then Lahiata^, Kosacese, 
and Horophulm'iae,(',fe. No otluT Orders exceed 5 per cent, of the species, 
and only attain this in oxceptionjtl localities. 

In the northern zone h(^yond 00° N. lat., the vspecies predominating north- 
wards nre Graminacere, Cruciferoe, Saxifragaceie, Caryophyllaceae, Ila- 
niinculacem, llosacea), (Jyneraceje (»5-7 per cent.). Composite form 7 per 
cent, in Melville Island, out only 4-t5 per cent, in 8pitzhergen. Amen- 
tiferje (Betuhiceje, Salicacea), &r.) and Juncacea^ barely reach 5 percent. ; 
Ik^gonacofc, Ericaceae, and Scropliulariacene approach this number, but 
arBfciostly below it. 

In the south temperate zone we find two classes of regions, one dry, the 
other with a damp climate. 1'he former compnOniiids the Cape of Good 
Hope, Australia, Chili, and La Plata. Compositfo predominate at the 
Cape and in America, but in Australia fall to 7 per cent. Leguminosm, 
on the contrary, malic but 7 to 12 per cent, in America and at the Cape, 
but 14 per cenl. in Australia. The Grasses are not more than 3 to 6 per 
cent, aitywhere, and the C}^)erace£e still fewer. 

Tlio Capo and Australia haw, however, certain especially abundant 
Orders ; thus Protoacejo form 2 to <4 per cent, at the Cape, 8-12 per cent, 
in Australia; Myrtacefo 1) per cent., and Epacridacea? 4-5 percent, in 
Australia ; Iridace.'c 4-6 per cent., Liliaceae 4-5 pej cent., and Ericaceae 
2-6 per cent, at the Cape ; Stylidiacem and Gooclcniacese are especially 
Australian. 

In the moist regions, comprising parts of the African coast, Tasmania, 
New Zealand, Island of Chiloe, &c., the Grasses and Corapositae increase in 
departing from the tropics Cyperac^ere rise to 4-8 percent. ; Orchidaceje, 
p^.j* cent. ; and Ferns aro very niimerou.'^ in the islands. Restiacero 
increase in Tasmania, but I’roteaceoe, Leguminosse, with^Stylidiaceje, 
Goodeniaceoe, kc. decrease. The proportions in the southern extremity 
of America approach those of the temperate and moist regions of the 
northern hemisphere. • 

As a general statement, it may be said that of the three most fre- 
miently predominating Orders, Leguminosae are diminished in propor- 
tion to temperature, the Compositie are lessened by combined cold and 
humidity, and the Graminacem are least predominant where the climate 
is dry. 
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CHAPTEU III. 

BOTANIC.VL GEOLOGY. 

Sect. 1. ^Tatitre and Importance of Fossil Plants. 

951. Eemains and traces of plants aro met with in most of the 
stratified rocks which have been produced by successive geological 
changes of the earth’s surface. These remains afford an indication, 
more* or less perfect in different cases, of the nature of the vegetation 
which has existed in earlier periods of tlie world’s history. Vege- 
table remains found imbedded in geological formations aro called 
fossil plants ; and the condition in which these fossils occur are ex- 
ceedingly varied, both as to the nature of the substance prcse4Png 
the vegetable forms, and the degree of perfection of the forms pre- 
served. 

The principal kinds of fossils may be classed as follows : — 1. Petrif ed 
plants, in which the structures of plants have been more or less compltdely 
impregnated wdth mineral matter, hardening tliein into a stony mass. 
They present various modifications, in which more or less of the organic 
matter remains, completely impregnated with mineral substances, or 
where the mineralization is so complete that the organic substance has 
totally disappeared. The mineral substance of such fossils is dilferent 
in different cases. Silicified remains are the most common ; fossils im- 
pregnated with cari)onate or sulphate of lime abound in other strata, 
while fossils of dense or earthy ironstone, argillaceous ironstone, and, 
lastly, iron-pyrites are frequent in particular rocks ; impregnations with 
rock-salt, oxide of copper, alumina, &c. are rarer. 

2. Coal, where the vegetable substance is more or less completely con- 
verted into a solid, black, combustible carbonaceous substanci', of stone- 
like aspect. This occurs in almost every possible modification, in masses 
or in the fortn of isolated plants or organs of plants, from the solid stony. 
anthracite to the hroim coal or lignite, which pr(‘servos the organic texture 
and js recognizable at first sight as vegetable matter. Coal-beds are 
formed through the accumulation of vast masses of vegetation, and their 
conversion through pressure and chemical chang(‘s into solid masses; but 
leaves, stems, or parts of stems, such as layers of bark, fruits, &c., con- 
verted into coal, are found isolated in strata of various composition. 
With these last are intimately connected the numerous fossils which are 
tim# petrifactions, but have the organic matter preserved in the mineral 
substance in the condition of coal, giving a coal-like aspect to the fossil. 

Impressions or natural of plants or organs of plants, which have 
been formed by the vegetable objeQts bein^ incrusted by, or imbedded in, 
mineral substance and decaying subsequently to the solidification of the 
enclosing substance ; the cavity left by the decayed vegetable may bo 
filled up by the same or a different mineral substance ; and Casts of the 
internal parts of stems &c. are met with, from the penetration of the 
mineral matter into cavities formed by the quicker decay of succulent 
structures, such as pith. 
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4. Ohjects contained in amber ^ tlie fossil resin of a Pine, wliich lias 
aceuiiiiitally tniclcjsed various vegetable and animal bodies which it howed 
over while liquid. ^ The objects are sometimes thoroughly impregnated 
with ainlxir, like microscopic objects enclosed in Canada balsam, these 
having been enclosfjd in a dead or dry condition ; in other cases, where 
fresh organs Ijave been enclosed, hollow casts only are found, the en- 
closed matter having been more or less decomposed. 

1)52. The study of vegetable fossils is far less satisfactory than 
that of animal remains, since, in the groat majority of cases, the 
structures most distinctive of the subordinate groups of plants are 
formed of very perishable matter. Genera, and even species, of 
animals may be recognized by bones and shells, which are of a very 
persistent nature, and arc found abundantly in stratified rocks. The 
pp^ervation of fossils can only have occurred through the agency 
of water, impregnated with mineralizing matter, or loaded with 
mud which enclosed the remains : the vegetable bodies which can 
resist the long-continued action of water are few ; and these mostly 
afford only characters of largo sections of the vegetable kingdom, 
without furnishing generic, far loss specific distinctions. Added to 
the fragmentary character of the fossils known, those kinds hitherto 
found possibly only represent, partially prevailing forms of vegeta- 
tion. , 

953. Attempts, however, have been made, by combining tho 
conclusions of stratigraphical geology and animal palaeontology with 
those of vegetable palaeontology^ to form conceptions of the charac- 
ter of the vegetation of succeeding geological periods. The ideas 
obtained in this way, however, are very superficial and exceedingly 
speculative. Still there is much that is promising in the investiga- 
tions ; and the general tendency of all tho facts hitherto collected is 
to indicate that there has been a gradually increasing complexity of 
organization in tfie plants successively created, that me plants of 
the earliest epochs belong to the lower Classes, and that the higher 
riuincrogamia appeared only in the later formations — ^in tho last of 
these probably in smaller proportion than in existing vegetation. In 
the earliest formations (Cambrian, Silurian, &c.) tho few vegetable 
remains are those of Algie, Fucoids, &c. In the Devonian and Carbo- 
niferous periods vascular Cryptogams, Ferns, Lycopods, Equiseta 
prevailed. In the Triassic and Oolitic periods Gymnospermous plants 
form a marked feature, also Conifers, Cycads, (fee., with Tree-ferns 
and traces of MonocotyledcRious plants. With the Cretaceous period 
appear Angiospermous plants, beginning with a preponderance of 
IncomplctOD, and passing through Dialjpetala) to the more recent 
formation^, where Gamopetalous plants prevail. But in all cases, 
though there is evidence of progress, there is an overlapping of the 
characteristics of one period by those of another. 



672 


GEOGEAPHICAL AND GEOLOGICAL BOTANY. 


954. One important ])oint, however, must not be overlooked in 
inquiries relating to this subject ; that is, the probability of the co- 
existence of diversified local floras, as at the present day, the re- 
mains of which might, from purely systematic considerations, be 
regarded as of different antiquity. 

In illiisti’ation of this, it may be observed that the remains found in the 
European formations belonging to the epoch immediately preceding the 
present, ofler a general resemblance to the prevailing forms of existing 
North- American vegetation. 


Sect. 2. Fossil Plants chatucterizing particular 
Geological Formations. 

1. Flora of the Palccozoic Strata. 

A, Lower and Middle Palaeozoic, or Transition Period. 

955. Comparatively few plants are known in these strata, and a 
considerable amount of uncertainty exists in reference to the deter- 
mination of the fossils. 'Wliat remnants remain in the Cambrian, 
Silurian, and Lower Devonian series dre apparently those of marine 
Algoe. In the more recent deposits of this age, Ferns, Calamitcs, 
and Conifers are found. 

• t 

B. Upper Palaeozoic, or Carboniferous System. 

956. The known floras of this system, remarkable for the pre- 
sence of the great coal-beds of Europe, afford a very large number 
of species, in which there is a continued great predominance of the 
Leafy Cryptwgamia (Ferns &e.). 

The principal characteristics revealed here are the absence of 
Dicot^’ledons, the paucity of Monocotyledons, the predominance of 
the Ferns and allied Classes, and of certain plants of organization 
not met with in existing vegetation, referred by some authors to the 
Class of Gymnosperms, by others, and probably more correctly, to 
the vicinity of Lycopodiacem &c. Conifers and Cycads begin to 
appear, with Stigmarias, Sigillarias, Lepidodendron, &c. The general 
character of this flora is very monotonous, and alike in character 
from the poles to the equator. ^ 

This flora disappears almost entirely in the next System. 

C. Permian System. 

957. The fossils of these strata afford only fragmentary repre- 
sentatives of the Carboniferous flora, most of the characteristic genera 
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having disappeared. The Orders are much the same, but less nu- 
merously represented by species. Silicified coniferous wood, Ferns, 
and Alga3 are found, and also evidence of the existence of Palms.* 

2. Flora of the Mesozoic, or Secondary Strata. 

A. Triassic, or New Red System, 

958. In the ‘‘Variegated Sandstone” strata of this formation, 
comparatively few species have yet been observed. The Carboni- 
ferous species have disappeared ; Ferns still predominate, and exhi- 
bit peculiar forms; Conifers (Voitzia, Haidincfera) arc abundant; 
Cycadeic rare, and a few doubtful IVlonocotyledons {Yuccites, Palce^ 
o.vyris) occur. In the “Keuper ” Sandstones, with a general analogy 
in the proportion of Orders, except tliat Coniferso are rare and Cy- 
cadacca3 abundant, the genera of Ferns and allied Orders are mostly 
distinct from those of the Vosgesian, or “Variegated” Sandstones. 

B. Llassic System. 

959. The essential characters of this epoch are the great pre- 
dominance of Cycadea), which* here appear in several new genera, 
and the existence of Ferns with more highly organized foliage than 
that of the genera of older formations. Alga), Fungi, Lichens, Ly co- 
pods, and Conifers also existed at this period. • 

C. Oolitic System. 

960. The nature of the strata referable here is very diverse ; the 
general character of the fossil vegetation consists in abundance of 
Ferns proper, and of Cycadem, especially of those genera (Zamites 
and Otozamites) approaching nearest to existing forifts, and the 
greater frequency of the Conifera), Brachypliyllmn and Thuytes, than 
in the Lias. ^Ugoc, Marsileas, Lycopods are also found. Theto are 
a largo number of known species. 

D. Wealden System. 

961. This formation, remarkable as a freshwater product, has 
afforded comparatively few species of plants, mostly congeneric, 
although specifically distinct from those of the Lias ; but the pro- 
portion of the Cycadaceae to the Ferns is smaller. Equisetum and 
Chara are represented. 


E. Cretaoeoxui System. 

962. In this formation we are at once struck with the diminu- 
tion of Ferns, Equisetaceae, and allied forms, the reduction of th 
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species of Gymnospcnns, and the appearance of Angiospermous 
Phanerogamia, chiefly dicotyledonous (^Betula, Myrica, Balix, &c.), 
though traces of Palms and Grasses have been mot with. The 
Cycadaccffi are still numerous ; but they and the Coniforce do not 
more than equal the Dicotyledons. The genus Credneria, supposed 
to belong to tlie last class, is very characteristic of the Chalk forma- 
tion. The Ferns and Equisctacem almost disappear. 


3. Floras of the Tertiary System. 

963. The floras of this system form a more or less connected 
whole, which is continued in tlie later strata into existing vegeta- 
tion. They are especially distinguished from those of older epochs 
by the abundance of Angiospermous Phanerogamia, Dicotyledons, 
and Monocotyledons — above all, Palmaccoc. But a sort of transition 
takes^ place from the Cretaceous period to the Eocene. In this 
system, however, the proportion of Gymnosperms rapidly decreases, 
and the Cycadacem disappear from Europe, while the Conifers ap- 
proach the character of the existing genera of temperate regions. 

A. £ocene flora. 

964. The distinctive characteristics, as compared with other 
epoehs, are the presence, though rare, of Palmaccuc, the comparative 
abundance of Algce and marine Monocotyledons (Caulmites, Zosfe- 
rites, &c.), and the existence in Europe of numerous now exotic 
forms, especially represented by the fossil fniits of the Isle of 
Sheppey, tlie Barton Bed in the Isle of Wight, &c. Though less 
rich than the Jkliocene, these formations include a largo number of 
species of ^n Australian or Indo- Asiatic typo. Leguminosaj of the 
suborder Csesalpinicm occur. 

B. Miocene Flora. 

965. A very rich flora. No less than 900 species (?) have been 
detected in one locality in Switzerland by Hecr. The Australo- 
Indian forms give place to jdarits of an American type, resembling 
thoi existing vegetation of the United States, Mexico, and Japan. 
One of the most striking features is the abundance of Palmaceoe, 
together with Monopctalous Dicotyledons, especially a supposed Hu- 
biaceous genus, Sieinhauera. Tb? list of fossils contains also a i5am- 
husa\ Lauracese, Combretaccm, Leguminosso, Apocynacesc, belonging 
to warm climates, with many Amentaceous trees, Aceraceoe, Pro- 
teaceae, and other plants now belonging to temperate regions. Nu- 
merous vegetable remains occur in beds of this formation at Bovey 
Tracey, Devonshire, and in the Isle of Wight. 
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C. Plelocene Flora. 

966. The Dicotyledons predominate, and are most varied, as in 
existing vegetation; the ]\ronocotyledons are rare; and the PalmacesB 
of the preceding epochs arc wanting. The general analogy of the 
flora is with those of the temperate regions of Europe, I^orth Ame- 
rica, and Japan at the present day. According to the determina- 
tions made hy palaeontologists, many existing genera are repre- 
sented, such as Taxodlum, Sali^huria, Cyperaccae, Comptonia^ Thy- 
melacecG, Sahtalacero, Lvfuldandxtr, Nyssa, liohinia, Gleditschia, Bavr- 
JtninCj Cassia, Acacia, likns, Jvyhins, CeanotJius, Celastms, SapinduSy 
Llrlodendron, Cappark, Sldcroxylon, Achras, Sympdocos, Cornacese, 
^lyrtaccnc, Pomacote, Tiliaceo), Magnoliaceae, Ac. This list includes 
especially modern j^orth- American genera, which existed at that 
time in Europe (§ 954). Qaercus Acer &c. appeared then as now. 

D. Pleistocene Deposits. 

067. The glacial drift and the diluvial deposits belonging to this 

group afford hardly any rc'cognizahle vegetable remains, beyond 
fragments of fossil wood of Coniferse, met with occasionally in con- 
no^^on with the bones of extinct Mammalia, and in a few lignite 
beds. , 

The flora of the glacial period still exists in Alpine districts. 

» 

4. Floras of Early Formatiom of the Present Geological Period, 

068. The formations referable to this group consist chiefly of 
freshwater calcareous deposits (tufa), the older peat-bogs, and forests 
now buried or submerged beneath the sea. 

0(>0. The remains existing in calcareous tufa have .Rot yet been 
well investigated, partly because the beds are not greatly developed 
in most countries, and partly because they usually contain onl^^ casts 
of vegetable structure, produced through incrustation. As far as 
wo know, the plants are similar to those of the existing floras of the 
regions, with a few exceptions. 

070. The old peat-bogs, especially of Xorthern Europe, often 
contain vast (quantities of recognizable vegetablfe remains, belonging 
to species no longer growing in the same spots, but found further 
south, as remains of Con/lus, Pimis Picea, &c. in the Shetland 
Islands, of Oaks, Maples, Limes, Ash, <&:c. in Sweden, beyond the 
present limits of those plants. 

971. I^mains of forests formed of still existing species occur in 
many parts of Europe, enclosed in diluvial beds. The city of Breslau 
stands on the site of an ancient forest, whence the trunks of Quercus 
pedunculata are dug out; the same is the case with the city of 
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Bamberg, wliero the trunks of trees of great diameter have been 
found in excavations for railways &c. Similar trunks of Oak are 
occasionally dug out of the diluvial beds in England, as in the upper 
part of the valley of the Medway. 

972. Submarine forests are known to exist off many points of 
the British coast and the west coast of France ; wood obtained from 
a large submerged bed off the coast of rembrokeshire is found to 
consist of Oak and Alder, and the wood of Phius ffi/Ivestris ; the 
Oak, Elm, Hazel, Walnut, ifec. are found in the British Channel. 

These facts, together Avith the analogous but more complete evi- 
dence derived from animal remains, show a gradual transition from 
the Tertiary to the present geological epoch. 
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CONTAINING THE 


BOTANICAL NAMES OF CLASSES, ORDERS, AND GENERA, AND THE VERNA- 
CCLAR NAMES OF SPECIES, REFERRED TO IN PART IL OP THIS WORK. 


Ahele, 

Abies, Tournof. 404. 
Abietineje, 404. 
Abobreje, 280. 
Alm>ma, Jactf. 225. 
Abvu.s, L. 258. 

Acacia, Wilkl 25(3. 
"Acalyi^ia, L, ;347. 

Ac A X T H AC E.E, 2,20. 
Acantliodium, l)d. 529. 
Acantlins, L. 321). 

Acer, L, 234. 

Aokra, 211. 
Acehace.e, 234. 
Achillea, Neck. 208. 
Achiuienes, P. Br. 331. 
Achlya, Necs^ 4-37. 
Acb\Tanth( a, L. 338. 

A conit inn, Tounuf. 1 08. 
A coma, L. 370. 
Acrampjiidrya, 193. 
Anion UY A, 102. 
Acrocliiania, Hook.JiL 
423. 

Achogens, 19.3. 
Acrostichum, L. 41(3. 
Actasa, L. 108. 
Actinocarpus, B, Br, 
303. 

Adanaonia, X. 224. 
Arlonanthera, X. 25(3. 
Adhatoda, Nces, 320. 
Adiantura^X. 41(3. 
Adonis, DV. 198. 
Adoxa, X. 290. 
.Echmea, B, P, 391, 


^Ecidium, Gmel. 452. 
yEGICERACKiE, 311, 
yl^^gle, Corr. 239. 
^Egopodium, X. 288. 
Aerides, Lom\ 382. 
Aerophyta, 441. 
/Eacbvnantliua, Jaekj 
33i; 

yEacnlw, X. 233. 
yJ^itluisa, 288. 
African Hempj t)77. 
Agapanthus, IleriL 
375. 

Agaricace.e, 448. 
AGAiuciE.a:, 440. 
Agju’icua, X. 449. 
Agatliotea, Bon, 316. 
Agave, X. 388.^ 
Agi’ostia, X. 307. 
^Vilanthus, Besf. 247. 
Aizoon, X, 275. 

Ajuga, X. 327, 

Aki, 2(35. 

Alangiackjb, 208. 
Alanginm, X, 268. 
Alclioiuilla, Pournif, 
262. 

Aldcr.^ 356, 

Aldrovanda,3/o;^/^, 218. 
Alein-is, X. 389. 
Aleurites, Ba'd. 372. 
Alexanders^ 289, 

AlGwE, 428. 

Ahjaroba, 258. 

Aliania, Juss. 393. 
ALISMACEiE, 393. 


Alisivie^, 393. 

Alkanctj 325. 
Allamanda, L. 317. 
Allium, X. 375. 
Allosorus, Bernh. 416. 
Allspice^ 264. 

Almondy 263. 

Alnus, X. 355. 

Aloe, Tournef. 375. 
Aloes, 37(3. 

Alocs-2vood^ 250, 345. 
Alppecurus, X. 307. 
Alpmia, X. 385. 

Alsine, Wahlenh 222. 

A1.SINE.E, 222. 

Alsodeia, Tlnmars^ 219, 
Alsopliila, B. Br. 416. 
Alstramieria, X. 388. 
Alstrcemerie.®, 388. 
Altlirca, X* 224. 
Alttngie;e, 286. 
Ahnn’‘rooty 242. '' 
Alyssum, X. 214. 
yAmadoiiy 451. 
Amarantace^e, 338. 
AmaranthSy 338. 
Amarantua, X. 338. 
Amarylleje, 388.’ 
Amarylltdace.e, 388. 
Amaryllidsy 388. 
Amaryllis, X. 388. 
Ambrosiiiia, X. 371. 
Amci'ican Ahe^ 389. 
Amherstia, Wall. 255. 
Ammaimia, Ilo^tst. 271. 
Ammi, Tmmief. 288. 
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Ammoniacinih 
Amomum, L, 385. 
Ampuibuya, 103. 
Amyodaleje, 201. 
Amybtdaceas, 253. 
^Aiiiyrid, L. 253. 
^VNACABDIACEiE, 252. 
Anacycliis, Pers. 298. 
Anagallis, Twmief. 310. 
Anainirta^ Colch. ‘203. 
Ananassa, Zimll. 391. 
Anandria, Siegesh. 290. 
Anchusa, X. 325, 
Andraea, Wir, 423. 
Andrjeace^, 423. 
Andromeda, Z. 304. 
Andropogon, Z. 397. 
Anemone, Haller^ 198. 
Anemone^., 198. 
Angelica, Hoffm. 288. 
Angelica^ 289. 
Angioptoris,7/o^m. 41 7. 
Angiospermia, 195. 
iVNGIOSPORiE, 410. 
Angofitura hark, 246. 
Angiiria, Z. 280. 
Amme, 259. , 

Anise, 289. 

Annatto, 217. 

Anona, Z. 202. 
'Anonaceje, 202. 
Antennaria, Corda, 453. 
AXTENNARIEiE, 45.3. 
Anthemis, DC. 298. 
Anthistiria, §99. 
Anthocerotea?, 424. 
Anth^xanthum, Z. 397. 
Antidesma, Z. 352. 
Antirrhinum, Z. 333. 
Apeiba, Z. 227. 
Apiaceje, 286. 

Apii^m, Hoffm, 288. 
APOCYNACEiB, 316. 
Apocynum,. Tournef, 
317. 

Aponogeton, Thunh 
394. 

APOSTASIACEiB, 384. 
Apple, 263. 

Apricot, 263. 
AQDIFOLIACEiE, 313, 


Aquilaria, Ltwi. 345. 
Aquilariaceje, 345. 
Aq^uilegia, rowni</.198. 
Arabia, Z. 141. 
Arace.®, 370. 

Ariichis, Z. 255. 

Aralia, Z. 290. 
Araliaceje, 290. 
Araucaria, Jms, 404. 
Arhor-vitce, 406. 

Arhre du Voyagenr, 388. 
Arbutus, Toumef, 304. 
Archangelica, Iloffm, 
288. 

Arctium, Lam, 298. 
Arctostaphylos, Adans, 
304. 

Areca, Z. 365. 
Arenaria, Z. 222. 
Argemone, Tmimef.20Q, 
Aristolochia, Toumef, 
362. 

AnrSTOLOCHIACEiB, 

302. 

Arnica, Z. 208. 
Aroideje, 370. 
Arracacha, 241. 
Arrow-root, 386, 409. 
Arroio-root, Portland, 
371, 385. 

Aitanthe, Miq, 358. 
Artt^misia, Z. 298. 
Artichoke, 300. 
Artocarpaceje, 351. 
Artocarpus, Z. 351. 
Arum, Z. 370. 

Arundo, Z. 400. 
Asafoctida, 289. 
Asagrma, Lindl 378. 
Asariim, Toumef. 362, 
Ascleptadaceje, 317. 
Asclepias, Z. 318. 

Ash, 306. 

Asparagus, Z. 375. 
Asparagus, 377. , 

AspergilluJ, Mich, 453. 
Asperula, Z. 204. 
Asphodelus, Z. 375. 
Aspidium, ^artz, 416. 
Aspleniiim, Z. 416. 
Assam Tea, 230. 


Aster, Nees, 298, 

Aster, 301. 
Asteraceje, 297. 
Asteranthos, Desf. 266. 
Astragalus, Z. 255. 
Astrantia, Toumef, 287. 
Astroloma, R. Br, 305. 
Atherospermaceje, 
341. 

Atriplex, Z. 339. 
Atropa, Z. 323. 
Atropacea3, 323. 
Attalea, 11. B. K. 305. 
Attar of Roses, 263. 
Aid)ergine, 324. 
Auhrietia, Adans. 214. 
Aucuba, Thunh. 201. 
Aitrantiace^, 239. 
Attricula, 310. 
AURTCULAIlIEiE, 450. 
Australian Tea, 246, 
205. 

Australian Currants, 
295. 

Autumn Crocus, 378. 
Avn, 358. 

Arena, Z. 397. 
Averrhoa, Z. 241. 
Avicennia, Z. 328. 
Avocado Pear, 341. 
Axogamia, 420, 
Ayer-Ayei', 2.38. 
Azalea, Z. 304. 

Azolla, 411. 

Bseckia, Z. 264. 

Bajree, 399. 
Balanophora, Forst, 
300. 

BALANOPHORACEiE, 

3()0. 

Ballota, Z. 327. 

Balm, 328. 

Balm of Gilead, 254. 
Balm of Mecca, 254, 
Balsaminace^, 243. 
Balsamodendron, 
Kunth, 25J1. 

Balsam of Copaiba, 259. 
Balsam-of-Gilead Fir, 
405. 
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Baham of Perfi, 269. 
BitUam of Tolu, 259. 
Balmms,' 243, 263. 
Bamboo, 400. 

Baiiibusa, L. 397. 
Banana, 387. 
Banisteria, L. 237. 
Banksia, L.fl, 34G. 
Baobab, 226. 
Barbaceiiia, J^andelli, 
389. 

Barbadoes Cherry, 2^7. 
Barhadoes Gooseberry, 

Bark, Jesuits', 205. 
J^arleria, L. 329. 
Barley, 3^)9. 
Jkiriiadezia, L.fil. 299. 
Barosma, Willd. 245. 
VjA k rtngtoniacear, 
2(55. 

Bartonia, Sims, 283. 
Bartramia, Iledtc. 421. 
1 ?artsia, L. 333. 
Bar-wood, 259. 

Basella, X. 339. 
Basellaceje, 339. 
Basil, 328. 

Bassia, Kbn. 311. 

Bast, 228. 

Batatas, Chois. 320. 
Batis, B. Br. 340. 

Bay -tree, 341. 

Bdellium, 254. 
Bean-capers, 245. 
Beans, 257. 

Beaume h cochon, 254. 
Beech, 355. 

Beef-wood trees, 357. 
Beet, 339. 

Begonia, L. 282. 
Begoniackje, 281. 
BelUJlmcers, 302. 
Beilis, L. 298. 
BEDVISIACEiK, 200. 
Bengal Hemp, 258. 
Ben-nuts, 2(X). 
Bentbamia, LindL 291. 
Benzoin, ^68, 313. 
Benzoin, Nees, 303. 
Berberidacbjr, 204. 


Berberis, L. 205. 

Berberry, 205. 

Bere, 399. 

Bergamot Orange, 239. 
Bergora, Keen. 239. 
Bcrgia, X. 233. 

Beta, Tournef. 339. 
Betel-nuts, 358. 

Betomf, 328. 

Bctula, X. 355. 
Betulackab, 355. 
Bibiri, 340. 

Bidens, X. 298. 

Big, 399. 

Btgnonales, 330. 
Bignonia, X. 330. 
Bignoniace^, 330. 
Bihh, 199. 

Bilberry, ^27. 
Billardiera, Smith, 248. 
Billbergia, 7'huttb. SdL 
Bindweed, 320. 
Bindweeds, 343. 
Bireh,^6(\. 

Bird-lime^ 31 3. 
Birth-icoH, 302. 
Bitter-sweet, 324. 
Bitter-wood, 247. 

Bixa, X. 217. 
BlXACEiE, 217. 
Blackberry, 203. 
Blackwellia, Commers. 
282. 

Bladdei'-fmt, 234. 
Bladder-sen?ia, 257. 
Bladdei'-wrack, 435. 
Blasia, Mich. 424. 
Blecbnum, X. 416. 
Blight, 453. 

Blimbmg. 241. 

Blituin, X, 339. 
Blood-root, 210, 389. 
Bliimenbachia, Schrad, 
283. 

Bocggea, St. IlUaire, 

Bocconia, X. 208. 
Boebmeria, Jacq. 350. 
BcEHMERIEiE, 360. 
Boerbaavia, X. 337. 
Bog-mosses, 422. 


Bog-myrtle, 355. 

Bois de Colophane, 264. 
Boldoa, Juss. 203. 
Boletus, Dill. 449. 
]10MBACEJE, 224. 
Bombax, X. 224. 
Bonnetti^, 229, 
Boopis, Juss. 297. 
Borage, 325. 

Bora GIN ACEiB, 325. 
Borago, Tournef. 325. 
Borassus, X. 3(i5. 
Bordeaux Turpentine, 
40(3. 

Boronia, Smith, 245. 
Boswellia, Roxh. 253, 
Botany-Bay Gum, 377. 
Botrycbium, Swartz, 
417. 

Botrydina, Breh. 437. 
Botrydiurn, Wallr. 437. 
BoTRYTACEiE, 453. 
Botrytis, Mich. 453. 
Bottle-brush plants, 205, 
Bouvardia, Salish. 294, 
Bovista, Dill. 449. 
Bpwstrmg Hemp, 377. 
Boxwood, 349. 

Brasenia, X. 207. 
Brassica, X. 214. 
Brayera, Kunth, 263. 
Brazil-9iut, 265. 
Brazil-wood, 259, 
Bread-fruit, 351. 
Brocoli, ^.5. 

Bromelia, X. 391. 

BROOT.LIACEiE, €91. 

Bromus, X. 397. 
Broom-Rapes, 332. 
Brucea, Miller, 247. 
Bruguiera, Lam. 267. 
Briuiia, X. 280. 
Bruniace^, 280.* 
Brunoniaceas, 302. 
BRYACEiK, 420. 
Bryonia, X. 280. 
Bryony, black, 373. 
Bryony, tohite, 281. 
Brvophyllum, Salish. 
274. 

Bryopsis, Lamx, 437. 
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Brvum, L, 421. 

Bucida, Z. 2C)8. 

Buckeye, 2;34. 
Biicklandia, R, Br, 286. 
Buckthorn j 251. 
Buckthorn, Sea, 345. 
Bncku, 240. 

Buckwheat, 337. 

Buf/loss, 325. 
Buibocodiuin, Z. 378. 
Bulrush, 300. 
Bupleuruni, Toumcf, 
288. 

Burdock, ,300. 

Biirgundif Pitch, 400. 
Burmaxntace-e, 384. 
Bursern, Jacq. 253. 
Bitbskrack.e, 253. 
Butcher\s Broom, 377. 
Butomeje, 303. 
Butomus, Tournef. 393- 
Buttercup, 100. 
Butter-nut, 354. 
Butter-tree, 331. 
Butter-worts, 335. 
Buxacr.e, 349. 

Biixus, Tournef. 340. 
Byrsouiiiia, Rich. 237. 
Byttnoria, Ltvffl. 225. 
Byttneriaceje, 225. 

jOnhhage, 215. 
Cabhafie-palm, 308. 
Cabombacej*:, 207. 
Cabomba, Z. 207. 

Cacao beans, 225. 
Caotav;ej], 283. 
Cadaba, Forsk. 215. 
Csesalpinia, 7>. 255. 
C^SAEPTXIEvE, 255. 
Cnffer-hread, 400. 
Cahinca root, 205. 
CaJej^it-oil, 204. 

Cakile, Tournef. 214. 
Calabar bean, 258. 
CntatMsh Niitmeff, 202. 
Calabcmh-tree, 331. 
Caladium, Vent. 370. 
Calamnnder-wo(jd, 312. 
Calamus, Z. 36,5. 
Calceolaria, FeuilL 333, 


Calendula, Neck. 208. 
Calla, Z. 370. 
Callithamnion, Lymjb. 
433. 

CALLITRICHACEiE, 350. 
Callitriche, Z. 350. 
Calophyllum, Z. 231. 
Calotbrix, Agh. 430. 
Calotropis, R. Br. 318. 
Oaltha, Z. 108. 
Calumba-root, 203. 
Calycantha(^eje, 203. 
Calycanthus,Z5ir7/. 203. 
Calycera, Cav. 207. 
CALYCERACEiE, 207. 
Cata'Ciflor.e, 250. 
Galytrix, Labitl. 20(). 
Caiubo^a, Z. 231. 
Camellia, Z. 220. 
Camellia, 220. 
Camei.liackac, 220. 
Camel-thorn, 257. 
Camomile, 3(X). 
Campanula, Z. 302. 
Cami'anulackje, 302. 
Camphor, 340. 

Camphor, Sumatran, 

220 . 

Camphora, Nees, 340. 
Cam-wood, 250. 
Cnnada-balsam, 400. 
Canada-rice, 3*.)0. 
Canariiim, Z. 253. 
Canary Creeper, 244. 
Canary-seed, 300. 
Candle-tree, 331. 
CandoUea, Labill. 200. 
Canellace^e, 314. 
Caiws, 3()8. 

Canna, Z. ,380. 
CANN^lBINKiE, ,351. 
Cannabis, Tournef. 351 . 
Cannon-ball-tree, 205. 
Canterhury-hells, 303. 
Cantua, Juss. 819. 
Caoutchouc, ^202, 317, 
319, 351. 

CnotUchonc-boUle, 348. 
Caper, 210. 

Capparidace^., 215. 
Capparis, L. 215, 


Caprifoliace^e, 202. 
Ca^rifolium, Tournef 

Capseila, Vent. 214. 
Capsicum, Tnirnef 323. 
Caramhole, 241 . 

Carana resin, 254. 
Carapa, Auhl. 238. 
Caraway, 280. 
Cardaimmis, 385. 
Cardiospermum,Z. 23,3. 
Cardoon, 300. 

Cardiius, Gcertn. 208. 
Carex, Mivh. 401. 
Carica, Z. 277. 

Carissa, Z. 317. 
Carlina, Tournef. 208. 
Carludovica, R. cV P. 
3(M). 

Carnation, 223. 

Carobs, 268. 

Carolina Pink, 315. 
Carpinus, Z 354. 
Carrageen, 434. 

Carnk, 280. 
Carthamus, Tournef 
300. 

Carum, Koch, 288. 
Carya, Nutt. 35,3. 
Caryocar, L. 220. 

C A ltY( ) PirYLI, AC E^, 
221 . 

Caryota, Z. 305. 
Cascarilla-bark, 340. 
Cas(*aria, Jacq. 270. • 
Cashew-nut, 252. 
Cassava, 340. 

Cassia, Z. 255. 
Cassia-bark, 340, 
Cassytha, Z. 340. 
Castanea, Grertn. 354. 
Castor-oil, 349. 
Casuarina, Z. *357. 
CASUARINACEiE, 357. 
Catalpa, Scop. 3*30. 
Catasetum, Rich. 382. 
Catechu, 250, 295. 
Catha, Forsk. 250. 
Catlmrtocarprus, Pers. 
255. 

Cattleya, LindL 382. 
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Caucalis, L, 288. 
Caidijlower^ 215. 
Caulinia, Willd, 394. 
Caulophyllum, Michx. 
205. 

Cayenne-pepper, 324. 
Ceanotlius, Z. 251. 
Cedar of Lebanon, 405, 
Cedar- wood, 254. 
Cedrut, 240. 

Cedrela, Z. 238. 
CEDIlKLAC^EiE, 238. 
Cedron, 247. 
CELASTRACKiE, 250. 
Colastrus, Kunth, 250. 
Cekry, 2M9. 

Colosia, Z. .‘>.38. 
Celte.e, 35.‘1 
Celtis, Tonnief 353. 
Cenaiio-ium, Fr. 452. 
Ct'iilaurea, Lef^s, 298. 
Cciitradeuia, lJo)t, 200. 
Coiilranthus, DC. 29(1 
(’• ‘iitrolepis, Lahill. 401. 
(,V'.phai‘li.s, 8w. 294. 
(Jephalanthiis, Z. 294. 
Ceplialotaxus, 'Zmc. 
40(1 

Ceramie.e, 4-33. 
Coraiiiiuiii, Adann. 433. 
Cerastiuiu, Z. 222. 
CorasuH, Jims. 2()3. 
Ceratoiiia, Z. 255. 

CEltAT()J’lIYLLACE.A3, 

3>59. 

Ceratoplivllum, Z. 359. 
C era topteris, Bronyn. 
417. 

Ceratosicyos, Nees, 277. 
Carbera, Z. 317. 

Cereal y rains, 399. 
Cerous, Haw. 283. 
Ceroxylon, 11. B. 
365. 

Ccteracli, Adam. 416. 
Cetraria, Ach, 44. 
Ce.mdilla, 378. 
Chaillotiiu DC, 251. 
CUAILLETIACEJB, 251. 
Chamoedorea, WiM, 
365. 


ClIAMJELAUCIACEJE, 

265. 

Cliamaerops, Z. 365. 
Cbara, Z. 426. 

ClIAIlACEA?, 426. 
Cliavica, Miq. 358. 
Clioirantliora, Cun- 
ninyh. 248. 
Clioiiciiitbus, 11, Br. 
214. 

Cheiro.stcmon, Z. 226. 
Cholidonium, Toiirnef, 
208. 

Ch exopodiace.e, 338. 
Clienopodium, 339. 
Cherimoya, 202. 

Cherry^ 263. 

Cherry, Cornelian, 291. 
Cherry -laurel, 263. 
Chervil, 289. 

Chestnut, 379. 

Chihou resin, 254. 
Chicory, 301. 

C hlina^jliila, Bursh , 304 . 
Cliinioiui^tliu.<, Lindl, 
2()3. 

China Aster, 301. 
China-root, .374. 
Cliiouanthus, Z. 30(1 
Chive, 377. 
Chla-:nace.e, 229. 
C4il()ra, Z. 316. 

C HL< ) II AN TH ACE.E, 3>5 7 . 
Clilorautlius, iSwartz, 
357. 

Cliloris, Sw. -‘197. 
Cliloroxyloii, DC, 238. 
Chocolate, 225. 
Choudrus, Griw, 433. 
Chorda, Stackh. 436. 
Chorozeiiia, Lahill. 255. 
OlirYsanthemum, D C, 
298. 

Chrysanthemum, 301. 
Chrysobalaneje, 260. 
Clii’ysobalanus, Z. 261. 
ChrvsophYlluiu, Z. 311. 
Chylocladia, Grev, 433. 
Chyniocarpus, Don,2\L 
Chytridium, ALBr, 437. 
Oicer, 257. 


Cicliorium, Tournef. 
299. 

Cicuta, Z. 287. 
Cinclioua, Z. 294. 
Cinchona, 295. 
ClNCHONEA*:, 294. 
Cinei'arias, 301. 
Cinnaiiiomum; Burm, 
340. 

Cinnamon, 340. 

CircBca, Tournef. 269. 
Cissauipelos, Z. 203. 
Cisflui?, Z. 249. 
ClSTACEiE, 217. 

Cistus, Tournef 217. 
Citron, 239. 

Citrosma, It. Sf I\ 203. 
Citmllus, Keck. 280. 
Citrus, Z. 239. 

Cladiuin, M, Br. 401. 
Cladonia, lloffm. 441. 
Cladosporium, Z/i. 453. 
Clarkia, Ihirsh, 269. 
Clatlirocystis, llenf, 
437. 

Clathrus, Mich. 449. 
Clavaiia, Z. 450. 
Olaa'auie^e, 450. 
Claytuiiia, Z. 275. 
Cleariny-nul, 315. 
Glkmatide.e, 198. 
Clematis, Z. 198. 
Cleome, DC. 215. 
Cleome.e, 215. 
Clerodeuflrou, Z. 328. 
Closteiiiim, JN’ itzsch ,440. 
Clore-nutnuys, 340. 
Clover, 257.’ 

Cloves, 264. 
Cluh-Mosses, 412. 
Cliisia, Z. 231. 
Cl.USlACE-E, 2.30. 
Cluster-pine, 405.^ 
Cluytia, Ait. 347. 
Cuicus, Vaill. 298. 
Cobiua, Cav. 319. 

Coca, 237. » 

Coccoloba, Jacq, 336. 
Cocculus, 20.3. 
Cocculus indicus, 203, 
Cochineal, 284. 
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Cocblearia, L. 214. 
Cocl^8~comhj 338 . 

Cocoa, 225. 

Cocoa-nut, 36C), 3G7. 
Cocoa-nut oU, 3C)8. 
Cocoa-phun, 202. 

Cocoes, 371. 

Cocos, i. 305. 

Codiuin, Sfackh. 437. 
CoelebogTne,t/] S7n. 347. 
Coffea, Z. 204. 

CoFFExE, 294. 

Coffee, 205. 

Coir, 3()8. 

Coix, Z. 307. 

Cola, Schott 220. 
Colchicum, Tounief. 
378. 

CoIMctnn, 377. 
Colcochflete, Jireh. 437. 
Collenia, Ach. 441. 
Collomia, Nutt, 319, 
Colocasia, Ray, 370. 
Colocynth, 281. 

Coltsfoot, 300. 
Columhine, 190. 
CoLUMELLlACEiE, 307,. 
COMBRETACEiE, 207. 
COMBRKTE.®, 208. 
Combrctuiii, Lwffl. 208. 
Commelyna, Dill. 370, 
/CoMMELYXACKiE, 370. 

^ Composite:, 207. 
Comptonia, Banks, 355. 
Conferva:, 4*18. 
CoNFERVOlDEJE, 430. 
Coniunt, Z. 287. 
CONJUGATJG, 430. 
CoNA'ARACEAi:, 253. 
Convallaria, Desf. 375. 
CONVOLVrLACEiE, 320. 
Convolvulus, Z. 320. 
Cookifi., Sonnier, 239. 
Copaiba, 250. 

Copaifera, Z, 255. 
C(^, 259. 

Copal, Indian, 229. 
Copemicia, Mart 301. 
Coprosma, Forst 204. 
Coquilla-ntd, 368. 
Corallina, Toum^, 433* 


CORAERINKJa, 433, 
Corallines, 434. 
Corclioriis, Z. 227. 
Cordia, Pliwi. 324. 
CoRBIACExE, 324. 
Cordyceps, Tut 452. 
Coriander, 289. 
Coriandrum, Z. 288. 
Coriaria, 248. 

COKI AR1E.E, 248. 
Cork- Oak, 355. 


CoiOIOPHYTA, 192. 
CORNACEJE, 291. 



Correa, Smith, 245, 
Corri^iola, Z. 275. 
Cot'sican Moss, 434. 
Corydalis, DC. 211. 
Corylus, Z. .3^14. 
Cosmariuui, Mencqh. 
440. 

Costiis, Z. 385. 

Costas, 300. t. 
Cotton-yrass, ^02, 
Cotton-plants, 225. 
Cotyledon, DC. 274. 
Coach-yrass, 400. 
Coxchaye, 258. 

Coxcx'ie Bine, 400. 
Coxvslip, 310. 

Co ic -plant, 319. 
Cow-trec, 351, 370. 
Crambe, Toumef, 214, 
Cf'anberf’y, 305. 

Crane' s-hills, 24l . 
Crassula, Haw. 274. 
Crassul ackxE, 273. 
CRASSULEiE, 274. 
Crataegus, Z. 202. 
Cratieva, Z. 210. 
Creasotv-planf, 245. 
CREMOSPEJlMEiE, 280. 
Crepis, Z. 

Cresceiitia, L. 331. 
Ckescenti 351. 
Cress, 215, 

Crithmum, Tounief. 
288. 

Crocus, Toumef, 390. 
Cross-flowers, 212. 


Croton, Z. 347. 
CroUm-oil, 349. 
Crowherry, 340. 
Crowfoot, 199. 

Crown Dnpti'ial, 377. 
Crucifeuas, 212. 
Cryptogamia, 410. 
Cryptonieria, Don, 404. 
Cryptonemieje, 433. 
Ciibeba, Mjq, 358. 
Cuhebs, 358. 

Cucumber, 281. 
Cucumis, Z. 280. 
Ciiciirbita, Z. 280. 
CreURBITACEiE, 279. 
Cudbear, 443. 
Cuminum, Z. 288. 
Cummin, 289. 
Cunniugliamia, li. Br. 
404. 

Cunonia, Z. 272. 
CUXUNIEA2, 272. 
Cupania, Z. 233. 
(biplioa, Jacq. 271. 

C l ' PR F.SS 1 N K A-:, 404. 
Cupressus, Tournef, 
404. 

CuPULIFERAi, 354 . 
Car(((;oa, 240. 

Curcidigo, Gcertn. 389. 
Currant (yrape), 249. 
Currants, 285, 295. 
Cupcuta, 'Tournrf. 320. 
Custard-apph, 202. 
Cyatbea, Smith, 410. ' 
CyatueexE, 410. 
(^yathus, Halt 449. 
CVCADACK.E, 408. 
Cycas, Z. 409. 
Cyclamen, Tournef. 310. 
Cyclantuexe, 309. 
Cyclanthus, Bott 309. 
Cynanebum, Z. 318. 
Cyiiodon, Rich. 300. 
C}'nomorium, Michet 
300. 

Cyiiosurus, Z. 300. 
CyPERACExE, 401. 
Cyperus, Z. 4(51. 
Cypliella, Frm, 450. 
Cypress, 400. 
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CypresHideciduom) ,400, 
Cypripedium, L. 082. 
CVRILLACEiK, 314. 
Cyrtandra, Forst 331. 
Cyutandrk^, 331. 
Cystopteris,i?mJi. 410. 
Cystoseira, Ayh. 435. 
CvTINACEiE, *300. 
Cytiuus, L, 301. 

Dacrvdium, SfoL 400. 
Daffodil, 388. 
DuJdi-trevSy 258. 
Dahlia, Cav, 208. 
Dahlia, 301. 

Daisy, 201). 

Dalborgia, L. 255. 
Dannnara, Humph, 405. 
Dammar Phw, 40(3. 
Dammar Pitch, 229. 
Damson, 202. 

1 )aiia?a, J. ISm. 417. 
Dandelion, 301. 
Da]dine, L. 344. 

DAl'IlNIJ‘HYLLACEiE, 

349. 

])ai*lingtonia, Toyr. 207. 
Darnel,4m, 

Darwiiiia, Radge j 200. 
Date, {107, 308. 
Date-plum, 312. 
Datisca, L, 282. 
Datiscaceai:, 282. 
Datura, L, 323, 

DaiiL*u8, L, 288. 
Deciduous Cypress, 400. 
Delesseria, Lamx. 433. 
DKLKSSKUIEiK, 433. 
Deliiua, L. 200. 
Dclpliiiiium, Tmrnef. 
198. 

1 )e M ATIE iE , 453. 
Deinatium, P, 453. 
Deiidrobium, Syoz. 382. 
Doiidromecoii, 209. 
Deodar, 405. 
Desmare.stia, Lamx.4^(S, 
llKSMIDIKiE, 440. 

De8midiuin,\.^(ryA. 440. 

IlKSVAUXIACEil^, 401. 
Deutzia, Thmh, 272. 


Dhoona pitch, 229. 
Diaiuorpha, imtt 274. 
DiAMOllPHE.®, 274. 
Dianthus, L, 222. 
DlAPENSIACEAi:, 319. 
Diatoina, jDC.440. 
Diatomaceab, 439. 
DiATOMEiE, 440. 
Dicontra, Borkh, 211. 
Dicotyeebonks, 195. 
Dicranum, Iledw, 421. 
Dictamnus, X. 246. 
Dictyogens, 193. 

1 )icty opleri8,X«wu.434. 
Dictyosiphon, GrevA^)Q, 
Dictyota, Lamx, 434. 
Dictyotaceab, 434. 
Diedenbachia, Schott, 
370. 

Diolytra, 211. 

DiorTilla, Totirnef, 292. 
Digitalis, X. 3;i3. 

Dill, 289. 

Dillenia. X. 200. 
Dilleniaceje, 200. 
Dion, Lmd?. 409. 
Diomna, Fllis, 218. 
Dioscorea, X. 373. 
DiusooaEACE.E, 372. 

1 )iosnia, X. 245. 
Diospyros, X. 312. 
Diphaca, Lour. 200. 
Dipladonia, DC, 317. 
Diplopliractura, 227. 
Dipj.ozYuiiE, 288. 

Dipsacea3, 290. 
Dipsacus, Tournef, 290. 
Dii'teraceje, 228. 
Dipterocarpus, Gcertn, 
228. 

Dischidia, R. Br, 319. 
Dittany of Crete, 328. 
Divi-divi, 259. 

DoeJes, 337. 

Dodders, 321. 
DoBofJiL®, 2§3. 
Dog-banes, 316. 
Dog's-tooth, 377. 
Dog-violet, 220. 
Dogwood, 291. 
Doinbeya, Cov. 225. 


Dorema, Dcm, 288. 
Down Palm, 308. 
Dracaena, Vand, 375. 
Dragon! s-hlood, 377. 
Dragon' s-mouth, 335. 
Dragon-tree, 377. 
Draparnallia, Bory, 
437. 

Drimys, R^Br. 201. 
Drosera, X. 218. 

Deo SEE ACE.®, 218. 
Dhupace®, 201. 
Dryobalanops, Gcertn, 

Dry-rot, 451. 
Ducktveed, 371. 
Diiguetia, St. Ilil. 202. 
Dulse, 434. 

Diwib-cane, 371. 
Diiriaea, B. ^J\lont. 420. 
Durian, 225. 

Durmast- Oak, 365. 
Durra, 399. 

Dutch Myrtle, 355. 
Dyer's-broom, 268. 

Eagle-wood, 259, 345. 
EbLnace®, 312. 
Eboe-nut, 258. 

Ebony, 238, 312. 
Ecbaiium, X. C. Rich. 
280. 

Eccreinocarpus, R. 4* P. 
330. 

Ecliinocactila, Link 
oa. 283. 

Echinophora, X. 287. 
Echiuni, X. 325. 
Ectocarpus, Lyngb. 430. 
Eddoes, 371. 
Egg-Apple, 324. 
Eiirktiace®, 325. 
El®agxace®, 345.» 
Phaeagmis, X. 345. 
Ehcocarpus, X. 227. 
Elaeodendron, Jacq, 250. 
Elais, Jacq, 365. 
Elateriuni, 280. 
Elaterium, 281. 
Elatinace®, 232. 
Elatiue, X. 233. 
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Elder, 

Elecampane, 300. 

Elemi, 254. 

Eleoc-haiis, li. Bt\ 401. 

Elephant s-earSj 282. 

Elm, 353. 

l^lodea, Achms. 392. 
Empetrace.^:, 340. 
Empetrum, L. 340. 
Encalypta, lledw, 421. 
Encephalartos, Lehm, 
409. 

Endire, 301. N 

Endocarpon, Ilediv. 441. 
Exdogens, 193. 
Entada, L. 250. 
EpACRIDACEiE, 305. 
Epacris, ISm. 328. 
Epliedra, L. 407. 
Epideiidrum, L, 382, 
Epilobium, X. 209.^ 
EpimediuBi, X. 205. 
Epipactis, Haller, 382. 
E^uisetace.e, 415. 
Equisetum, X. 415. 
Erf/ot of line, 452. 
Erica, X. 304. 
Ericacea:. 303. 
Euic'E.e, 304. 
Ericink^e, 304. 
Ekiocai'lack.e, 400. 
Eriocaulm, X. 400. 
Eriojronum, X. C. Eich. 
330. 

Eriophoruni’, X. 401 . 
Eriostoiiioii, Smith, 245, 
ErocKum, Herit. 242. 
Erophila, DC. 214. 
EryngiLim, Tournef. 
287. 

EryiKjo, 289. 

Erysimum, X. 214. 
Erfsiphe, Hedw, JIL 
452. • 

Erythraja, Hen. 310. 
ErVthrospermum, Lam. 
2K. 

ErY THBOXYI/AC E.®, 

237. 

Erythroxylon, X. 237. 
Escallouia^ MutU, 272. 


Escaleonie-e, 272. 
Escbscholtzia, Cham. 
208. 

Esenbeckea, XT. B. K. 
245. 

Euastruin, Ehr. 440. 
Eucalyptus, Herit. 204. 
Eugenia, Michd. 204. 
Euiiotia, Ehr. 440. 
Euonvmus, Tournef. 
250. 

.Euphorbia, X. 347. 
r Euphoubiaceje, 347. 
Euphorhium, 349. 
Euphrasia, X. 333. 
Euiyale, Salisb. 20(5. 
Eutoca, li. Br. 319. 
Erenimj Primrose, 270. 
Everyreea Oak, 355. 
Evernia, Ach. 441. 
Exidia, Fr. 450. 
Exiiuace®, 450. 
ExrxrKxs, 193. 
Exogonium, Chois. 320. 
Exosteiuina, X. C. Rich. 
294. 

Fagonia, Totirmf. 244. 
Fagrjca, Thmh. 314. 

F agus, X. 354. 

Fedia, Mauch, 290. 
Fegatella, Radd. 425. 
Fennel, 289. 

Ferns, 41(>. 

Feronia, Corr. 239, 
FeiTaria, X. 391. 
Ferula, X. 288. 

Fescue, 399. 

Festuca, X. 397. 
Feuilhea, X. 280. 
FrooiDEiK, 270. 

Ficus, Tournef. 351. 
Fiffs, 351. 

FilhcH, 355. 

Filices, 410. 
FimbristyOs, Vahl, 428. 
Fir-trees, 405. 
Flacourtia, Comm. 217. 
Flacourtiack.®, 217. 
Flag Order, 390. 

Flags, 391, 


Flax, 240. 

F'lax, Ze(dan d, ill 7. 

Flea-seed, 308. 
Fliiidersia, R. Br. 238. 
Flduidk.®, 432. 
Flowering Plants, 
195. 

Flowerless Plants, 
410. 

Fodder~gra.sses, 399. 
Famiculiftii, 288. 
Fontiiialis, X. 421. 
Foofs Parsley, 289 . 
Forbesia, EM. 389 . 
F'orliidden-fri(if, 239 . 
Foryet-me-not, 325. 
I'orskohlia, 350. 

Fo H SK Ol I LIE A3, 3>50. 
Folh erg ilia, X. f. 280. 
Fotiiergille.e, 28( >. 
Fuurcruya, Vent. 388. 
Four-o' clock plant, 3)37. 
Foxy lore, 3 ‘>4. 

Fragniria, X. 202. 

Franc 'OACE.E, 273. 
IVjiiikeiiia, X. 220. 
FuanjvEniace.e, 220. 
Frank! ncense, 254 . 
PVankincense-pine, 405. 
Fuaxine.e, 30(). 

F’uj indla, 24(5. 
Fraxinus, Tournef. 300. 
Freiiiontia, Hook. 22C). 
Fue^montuwE, 22(5. 
Frmch berries, 251. 
Frevcinetia, (loud. 309. 
Fritillaria, X. 375. 
F)'oy-hit, 392. 

Frullania, Nees, 424. 
FucACKAi:, 434. 
15.ic]isia, Plum. 209. 
Fucus, X. 435. 
Fiimaria, Tounnf. 211. 
Femariacea:, 210. 
Fumitory, 211. 

Funaria, Hedw. 421. 
Ftmlunji, 399. 

Fungi, 443. 

Funqm meHtensw, 360. 
Funkia, Spr. 375. 
Fustic, 253, 352. 
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Gaiinardia, Oaudich. 

m. 

G(thin(jf(Ie-ro()t, 385. 
(ialanthus, L. 388. 
(rdlhannm, 281). 

(lalipea, Aiihl. 245. 
Galiiuii, L. 21)4. 
(iUNta-f/rafis, 399. 
Cifuubrcr, 295. 

(jiDtihof/Cy 231^ 

(i A moi'Etal.e, 194,292. 
Ganaiiia, L. 231. 
(iardi'iiia, Ull. 294. 

(j anUiU-Nastiirti lanSj 
241. 

0(trlfr, 377. 

(iftr/w PritVy 2](). 

( lAiniYACK.E, 342. 
(laiilthoria, L. 329. 

( i(‘is.si)loiHa, L’mdJ, 340. 
Gfiiista, L. 255. 

(fCiifudi, 310. 

(laiitiaua, L. 310. 

(iKN'I I W’ACK.E, 315. 
GcHfntiudhty 310. 

(u'lx alyx, Xvrti, 424. 
Geuaa^acej:, 24J, 
(rentniumy 242. 
G(‘raniuin, Horit. 242. 
(urman Tindvry 451. 
(t<‘snt‘ra, Mart. 331. 
Gksxekace-E, 331, 
Gksxkhk.e, ->31. 
Gilliksia('EA], 380. 
Gitnjvr, 385. 
Gi}uji‘r-<irassy 399. 
(iin^ouiy 290. 

( \ ladiolns, Tournvf. 300. 
(rlas'i-H'ort^ 339. 
Glauciuin, Tourncf. 208. 
Glaiix, Tounu f. 310. 
Gleditscliia, L. 200. 
Gleich(‘uia, Smith, 417. 
Glkiciienie.e, 417. 
Globv Amarantui<, 338. 
Globalaria, L. 329. 
Gloxinia, JIrrit. 331. 
Gi.umiflotjvE, 395. 
Glyteria, iS Jh\ (^7. 
Glycyrrliiza, L. 255. 
Glyphaia, 228. 


Gnaphalium, Bon, 298. 
GN?:TACEiK, 407. 
Giietimi, L. 407. 
(roat's-heard, 301. 
Godetia, Spuch, 209. 
Gold-thready 199. 
Gomme cVAcajoity 252. 
Goiiiphrena, L. 338. 
Goiiiuin, Lam. 440. 
Goodkmaceje, 302. 
Goof/aly 254. 
Gooseberri/y 285. 
Gordouia, MI. 229. 
Gohdonik^e, 229. 
Gossypiiini, L. 224. 
Gourds, 281. 

Grains of Par adUe.y 385. 
GjiamixacevK, 395. 
Granadilla, 278. 

Grape, 249. 

Grape, Seaside, 337. 
Gt'usses, 395 . 
Grass-cloth, 351. 
Grass-lt^>e, 377. 

Greek Valei'ian, 320. 

C freen-heati, 341 . 

Green iMver, 439. 
(irevilUai, JR. Br. 340. 
Grewia, Juss. 227. 
(irilUllivsia, Atjh. 433. 
Grimmia, Ehrh. 421. 
Groiiovia, L. 283. 
CtIiossflack-e, 385. 
Ground-lry^ 328 . 
Guaiacum, 245. 
Chiaiacum, Plum. 244. 
Guarana bread, 234. 
Guarea, L. 238. 

Guar a, 204. 

Guazuma, Plum. 225. 
Guelder JRose, 293. 
Giuittarda, Vent. 294, 
GuiniauvCy 224. 
Gulfsreed, 435. 
Gum^cacia, 259. 

Gum A/iime^ 229, 

Gum Arabic, 259. 
Gum Dammar, 400, 
Gum Dragon, 258. 
Gum Lac, 258, 349. 
Gummi gutta, 232. 


Gum Senegal, 269. 
Gum-trees, 205. 

Gunnera, L. 290. 
Gustavia, L. 265. 

Gutta Percha, 312. 
GuTtifer;e, 230. 
Gyiimocarpea, E. Br. 
277. 

Gynmocladu9,Zawi.277. 
Gymnogens, 193. 
Gymnogramma, Desv. 
410. 

Gymxospermia, 403. 
GYMNOSPORiE, 427. 
Gynandropsis, -DC. 210. 
Gyneriuni, ILB.K. 400. 
Gyrinopsis, Gccrtn. 345. 
Gyrocahj*EuE, 208. 
(Tyrocarpiis, Jacq. 208. 
GVllOSTEMONEiE, 339. 

Haematoxylon, L. 255. 
ILEMODORACE.a3, 389. 
IlaeDiodorum, Sm. 389. 
JLair-hells, 303. 
llakea, Schrad. 340. 
llajesia, Ellis, 314. 
llalidryt^, Lyngh. 435. 
IlALORAGACEiE, 270. 
llaloragis, Forst. 270. 
llAMAMELACEiE, 285. 
IlAMAMELEiE, 286. 
llamamcdis, L. 286. 
Ilaiicoriiia.^6ro??«. 317. 
ITand-plad, 227. 
IIaploza'gije, 287. 
Jfaricots, 257. * 

Hawthorn, 263. 

Hazel, 

Heart' s-easc, 220. 

Heath, 303. 
lledera, L. 249, 290. 
IIedycliium,A7i?aiy/,385. 
Iledvosmum, Swartz, 

357. 

Iledyotis, Lam. 294. 

1 leliampliora, Bcttth. 

. 207. 

Ileliantliemum, Tour- ' 
nef, 2\7. 

Heliconia, L. 387. 

2n 
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Helicteres, L. 220. 
HeliotrojK, . 020 . 
IIAlebure, White, 378. 

llKl. I.KIU'JUKJR, 

Adan<, 108. 
llelosciadium, Kvch, 
1 > 88 . 

Ilelosis, liich. .^>00. 
Helvella, L. 450. 
IIelveli.ejg, 450. 
Helwinrria, Wdld. 200. 
IIeLWIXGI AC K.E, .‘U2. 
Ileniidesmus, 11. Br. 
318. 

Ilemif^temma, 

200 . 

JBmhck, 280. 

Hemlock Z>ro/;?rorf,280. 
Hemlock Spruce^ 405. 
Hemp, 351. 

Hemp, African, 377. 
Hemp, Indian, 351. 
Hemp, Manilla, 388. 
Henhane, 324, 

Hennah, 271. 

Ilenslovia, JFalL 273. 
Hepatk’JE, 424 See. 
Ilerack’iim, L. 28S. 
Ht'ritiera, Ait. 22(i. 
Ilermannia, L. 220. 
Hermaxmea:, 220 . 
lltn-iiandia, Plum. 344. 
Ile.^peri.s, Z. 214. 
IlKTErtOSCLVDEA?;, 287. 
Ilibbertia, Andr. 200. 
IlfiuscE.E, 224. 
Hibiscus, Z. 224. 
Hickon/, 354. 
Ilieracium, Toumef, 

2m. 

TTierocliloe, 399. 
Iliyebrandia, 282. 
Ilimantlialia; Lyngh, 
435. * 

IIlPPOCA.STANEiE, 233. 
Ilip])oinane, Z. 347, 
IIippopha«», Z. 345. 
Ilippuris, Z. 270. 
Hog~gum, 253. 
Ho(/~plum, 253. 
IloUboeUia, Wall. 204. 


7/o//v, 313. 
lloliyhock, 224. 

Hohn Oak, 355. 
UuM.M.lACE/V., 282. 
llomaliiim, Jaetj. 282. 
IToju-konya, Bhr. 228. 
HuneyAocust, 250. 
Honeysuckle, 203. 
7/o/>/351. 

1 lordeiim, Z. 307. 
Horehound, 328. 
Hornbeam, 355. 

Horn wort. 350. 
Horse-chestnut, 234. 
Horse Badish, 2 15. 
Horse-sugar, 3 1 3. 

H 'H'se-tails. 4 1 5. 
llortnnia, Wi(fht, 203, 
204. 

Hottentof s fg, 211. 
Houscleek, 274. 

I Foveiiia, Thanh. 251. 

II ova, 11. Br. 318. 
IIr*MIIUACK.E,'314. 
flmiinlus, Z. .351. 
Hundred- years' 1 *lan t, 

380. 

Hu on Pine, 400. 

1 1 ora, Z. 347. 

Hyacinth, 377. 
llvacintlms, Z. 375. 
Ilvulosteiiinia, Wall. 
341. 

IfyoxEiE, 450. 
llvdnocarpus, Gcertn. 
211. 

Jlydnum, Z. 450. 
ITydran<»:ea, L. 272. 
Ilydrocora, Blum. 243. 

llYT>uociiAiin>ACE.a':, 

.‘{92. 

irydrocharis, Z. 302. 
iJvdrocotyle, Tournef. 
" 261 . 

llydrodictyon, Bath, 
437. 

11a DROPUYEEACEiE, 

310. 

IlyDIlOPlTYTA, 428. 

1 1 ydrostacb YS, Pet. - Th. 
3o0. 


IIymexanoie.e, 440. 

1 1 vin»‘nangiinii, Klotsch, 
‘440. 

11 Y M ENCnniYEEA'. JE, 
417. 

IlYnu'UopliyUum, Sm. 

417. 

Ilvoscvanius, Toumef. 
323.‘ 

Ilvpecovmi, Tournef. 

‘ 211 . 

IIypertcacea?, 231. 

J lypericiim, Z. 232. 
Ilvpniim, Z. 421. 
Ilypocli.-oris, Z. 200. 
Ilypoljona, 7?. Br. 427. 
1 1 YPOXIDAl^^.E, 380. 
llypoxis, Z. 380. 
Ilypoxylon, Bull. 452. 
IIys?()])iis, Z. 327. 
lIvSTKUOniYTA, 102, 
443. 

Iberis, Z. 214. 
I(%\CTXACE.E, 314. 
Iccland-Moss, 443. 
Ice-plants, 270. 

Icica, Auhl, 253. 

Ilex, Z. 31.3. 
Iltcace.e, 313. 
It.leckrrace.e, 275. 
lllo(;(d)riini, Gredn.f. 
275. 

niifium, L. 201. 

Illicora, Bl. 2()8. ; 
Immortelles, .‘.{01. 
Inipatieiis, Z. 243. 
IXCOMPLET.E, .‘{.30. 
Indian Copal, 220. 
Indian Corn, 30{). 
Indian Cress, 244. 
Indian Figs, 283. 
Indian Shot, 387. 
Indigo, 258. 

IndigotVra, Z. 255. 
Jiin-a, Willd. 250. 

Inula, Gartn. 208. 
lodes, Blu^ie, 352. 
Ipadn, 237. 

Ipecaaian, 204. 
Ipecacuan, black, 204. 
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Ipecacinm, %vhitcy 295. 
Ipoiiid'a, L, ;{20. 
llUDACK.K, 390. 

Iris, L. :U)0. 

Iriah J/orS’.s, 434, 
Inm-ivoodj 355. 

Isaria, Hilly 450. 
ISAIIIE.E, 450. 

Isalis^ 215. 

IsOETAGEil!:, ^13. 

IsOKTKyE, 412. 

L. 414. 

IsoL'pis, 11, Hr. 401. 
Isonandra, Wiyht^ 311. 
I.slhmia, Aijh. 440. 
liulxu-wood y 258. 

Iron/^ Vo.(/v1(tblvy 308. 
/n//249, 200. 

Irify Gnnindy 328. 
lintranrmay 399. 

Ixia, L. 390. 
lx ora, L. 294. 

Jiwulj's Liiddei'y 320, 
Jalap y 320 . 

.laml)osa, Humph, 280, 
.Tasioiie, L. 302. 

J A SM IX ACEiE, 307. 
JasmixalEs, 307. 
Jai<miuey 3)07, 
Jasiuimini, L. 307. 
JaleoiTliiza, JSlierSy 203. 
Jatroplia, Kth. 347. 
Jollersonia, Hart. 205. 
JerusaUmi ArlichoheSy 

3,00. 

Jol/s Tear«y 400. 
.Tonesia, Ho.vh. 255. 

J l ■ GL AX DA CEA*::, 353. 
Julians, L. 353. 

Jujuhcy 251. 

.luxNCACE.E, 378. 
JUXCAGIXE^E, 303. 
Juncius, l^C. 378. 
Jiinperinaniiia, DHL 
424. 

JUN GEllM ANNI A CE.®, 

423. y 
Juniper y 400. 

Juiiiperus, L, 404, 

J usticia, L, 329, 


Jutoy 228. 

Kadsura, Jims, 204. 
Kanyaroo-grassy 399. 
Katy 251. 

Kavuy 358. 

Kelpy 435. 

Kcnnes Oaky 355. 
J\uliiio\ ' va, MaH. 229. 
Kinoy 258. 

KinOy Hotany Haijy 205. 
Kobresia, Willd. 401. 
ivcolreuteria, Lam, 233, 
K(dd-rahiy 215. 

Kora Kauf/y 399. 
Koussoy 203. 

Kiaineria, I^ceffl. 230. 
Kubuy 251. 

Kumquaty 239. 

liABIATJE, 320. 
Laiuat^eflohje, 299. 
Laburnum, 258. 
Jjucv-hfi'ky 344. 

Lacis, TJndl. 359. 
I>ACISTEMACEAO, 342. 
Lactiica, L. 299. 
Ladanmn, 218. 
liagenaria, Ser. 280. 
Tiagerslroemia, X. 271, 
l^agetta, Juss. 344. 
Lamb's Lettucey 296. 
l^ainiimiia, Lam.w 430. 
J^amiuin, X. 327. 
Lance-tcoody 202. 
Lanysafy 238. 
liaiisium, Humph. 238. 
I^aiitaua, X. 328. 
I.<apageria, H. Hav. 
373. 

Larch y 405. 
Lardizabala, Huiz 
Hav. 204. 

IjAKDIZABALACE-a:, 

204. 

Ijurkspury ifK). 

Larrea, Car. 244. 
Lastr 80 a, Presl, 416. 
I^atliraBa, X. 332. 
Lathyrus, X. 258. 
Laubacil®, 340, 


Laurel y 341. 

Laurel, Cherry^, 263. 
Laurel, ^^Cuha,' 291. 
Jjaurel, Portuyal, 203. 
Laurel, Spurye-, 344. 
Laurencia, Lam.i. 433. 
IjAUBEXCIEiE, 433. 
Laumstinus, 293. 
Laiirus, Tournef. .340. 
Lavandula, X. 327. 
Lax'eiuler, 328. 

Laver, 439. 

Lawsonia, X. 271. 
Leatlicsia, Gray, 430. 
Ijecidea, Ach. 441. 
Lecythidace^e, 265. 
Lecytliis, Lajfi. 205. 
Ledum, X. 304. 
l.eea, X. 249. 

I.ecky 377. 

'.GUMIXOSA?, 254. 
Lemria, X. 371. 
LEMXACEiE, 371. 
Lemon, 239. 
Lemon-yrass, 399. 
Lemon-plant, 329. 
Lbxtibulace.®, 335. 
Lentils, 257. 
l>eoiitice, X. 205. 
Leontodon, X. 299. 
Leopoldinia, Mart. 308. 
Lepidium, 11. Hr. 214. 
Lepidocaryum, Mart. 
391. . 

Lepidostacliys, Wall. 
349. 

Loptosiplion,Xe?? f/< .319. 
Lei'Tospeume.®, 204. 
Leptiirus, 397. 

Lettuce, 300. 
Tac'Hexace^, 441. 
Liciienales, 441., 
Lichexes, 441. 
Lupium coluhrimun, 
315. 

Liynum Hhodiun^ 254. 
Liynum-viUcy 245. 
Ligustrum, Tourmf. 
300. 

Lilacy 306. 

Liliace.®, 376, 

2h2 
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Liliabes, 375. 

Lilies, 375. 

Liliiim, L, 375. 

LilH of the Fields, 380, 
Liiij if the Valley, 377. 
Lime, 230. 

Lime or Linden, 227. 
Ltmxaxtiiace.e, 244. 
lAmiiiintlies, 244. 
Limnocliaris, IL B» 
303. 

Limosella, X. 333. 
Lixackji:, 240. ‘ 
Liliana, Tourmf. 333. 
Liimioa, Gronov. 292. 
Linseed, 241. 

Liiuiin, L. 240. 
Liquidaiubar, L. 280. 
Liquoi'ice, 257. 
Liriodontlron, L. 201. 
Lissaiithf, It. lh\ 305. 
Lit chi, 234. 

Lithospernium, L, 325. 
Litmus, 443. 

Littorella, L. 308. 
Liver-worts, 425. 

Loasa, Adans, 283. 
Loasace.e, 283. 
Lobelia, L. 301. 
LoeI'XIace.e, 301. 
Locust-trees, 258. 
Lodoicea, Lahill. 30- >. 
Lo^ania, R. Br. 314. 
LogamaceiE, 314. 
Loy-tvood, 250. 

Loliiyii, L. 307. 
Lonyan, 234. 

Lony Pepper, 358. 
Lonicera, Desf. 292. 
Lopezia, Car. 200. 
Lophira, Ba?ik's, 228. 
Lo*tANTnACEA5, 342. 
Loranthus, Z. 343. 
Lotus, L. 255. 

Ijotiis, ancient, 237, 252, 
Love-lies-hleedingy 338. 
Lucern, 2^7. 

Luffa, Tournef. 280. 
Luhea, Willd. 227. 
Lupines, 257. 

Lupinus, Z. 255. 


Luziila, BC. 378. 
Lychnis, Z. 222. 
Lycoperdoii, Tournef, 
‘440. 

liYCOPODIACMiE, 412. 
Tjycopodium, Z. 412. 
Lygodiiim, Swartz, 417. 
Lvsiiiiacliia, MamcJi. 
‘'310. 

Lythracea3, 271 . 

Ly thrum, Z. 271. 

Mace, 342. 

^lacropiper, Miq. 358. 
Macrozamia, Miq, 400. 
Madaqascar Poison- n at,, 
317. 

Madder, 295. 

Magnolia, Z. 201. 
!Magxoliace.e, 200. 
jSIagxolik.e, 201. 
Mayucy-plants, 380. 

M ahoy any, 238. 
iMahonia, ^Vw^^.**205. 
Maize, 300. 

Malaxis, Swz. 382. 
INlalcolmia, R, Br. 214. 
Malksukiibiaceje, 
278. 

Mallow, 223. 

IMalope, Z. 224. 
Malpighia, Plum, 237. 
MALPIGllIACKiK, 237. 

y iMalva, Z. 224. 
^rALVACE^l, 223. 
Malveje, 224. 

Mammee apple, 231. 
Mamillaria, llaw. 283. 
Manchineel, 340. 
Manchineel,hastard,^\7. 
IMandragora, 7W;7 i.323. 
Mandrake, 324, 
Mandioc, ^yO. 

Many old- wurzel, 330. 
Mangifera. Z. 252^ 
Manyo, 2‘fl, 253. 
Manyosteen, 231. 
Mangrove, White, 329. 
Mangroves, 206. 
Manilla Hemp, 388. 
Manna, 221, 257, 306. 


Manna of Mount Sinai, 

221 . 

Maples, 234. 

Maranta, Plum. 386. 

AH A NTAC K 3>80. 

Marattia, Sm. 417. 

M Au attiac ea:, 417. 
Maregraavia, Z. 220. 

M a n ( ’ G n A A V i e a 220. 
Marchant^n., 425. 
M A H (’ 1 r A x IT A r KJE, 425. 
Marcs-taih 270. 

jSlaryostt, 238 . 

JMariyidd, 3()(), 
Marjoram, 3 > 28 . 
Marhiny-nut, 252. 
Marmalade, 240, 312. 
Marrubiuiii, Z. .‘)27. 
Marsh-nudlotv, 224. 
Marsilea,Z. 41 J. 
Maksiekacea:, 411. 
Martynia, Z. 330. 
Marvel if Peru, 337. 
Mastic, 253 ». 

Mate, 3>i3. 

Matico, 300, 3>58. 
Matthiola, R. Hr. 214. 
Mayacea:, 380. 
May-tree, 263>. 

Meadow Saffron, 378. 
INIecanopsis, 210. 
Mt‘dei)la, Gronov. 374. 
Medic, '2o7. 

Mt'dinilla, Gaudieh. 200. 
203,312. * 

Megaoarpjca, 200, 214. 
Melaleuca, Z. 203. 
Metandw bark, 240. 
MidanipyruiJi, Z. 33>3. 
Molanorrliea, Walt. 252. 
M K LA X IT I A CE A*:, 377. 
Melanthiuiu, Z. 378. 
IMelastoina, Z. 200. 
Mklastgmacka:, 208. 
Melhania, Forsk. 225. 
Melia, Z. 238. 
Mfaaacka:, 238. 
Melianthin^ Z. 244. 
Melica, 307. 

Meliosina, Endl. 233. 
Mkliosmea:, 233. 
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M(^lobesift, Lam.r. 433. 
Mflon, 281. 

M(*l()Hira, Af/h. 440. 
jMeinocylon, L. 2(50. 
iM KNisPKinrACE.E, 203. 
MeiiispiTmiiiii, Tounief, 

Mont La, L. 327. 
M(*ntzr‘lia, L. 283. 
M(‘uyaiithos, L. 310. 
ISlorcurialis, T.. 347. 
Mvrcimi^ Ihtf/lish, 32)0. 
M(Tt(‘iisia, //. li. iv.OC'o. 
^I(‘rt(‘]isia, W^illd. 417. 
.M(‘ruliiis, IML 400. 

> I J-: S M T$ R Y A XT 11 A C E JEj 

270. 

Mpst‘iiil)ryanth«'iiuim, 

X. 270. 

M»‘ir()si(U'rf)s, 7?, XV. 
201. 

!M<‘t/L!'(‘na, 124. 

Mnrrron, .'U 4. 
iMi(‘oiiia, J)(\ 200. 
Alicroc.olcLiP, iMwiaz. 
430. 

.Alieisia, Xo^7/. 380. 
Mi(/}ionuette^ 210. 
Mildvw of Whoal, 47)3. 
Mihh'U'fi^ 44o. 
Milh'-wr.rta, 235. 
MUlrts, 300. 

Mini()>a, X. 250. 
j\liM()si-:.i:, 250. 
jMiiniiliis, X. 3»33. 

Mint, 327. 

Miiabilis, L. 337. 
Misflrfor, 342. 
MifvJnt-niiichoj 241. 
Mod'- Onnujv, 273. 
Alodijcca, L. 277. 
Moi.i.ugink.t:, 275. 
Molhiji'o, X. 275. 
IMomoi'dica, X. 280. 
lMoM>nA0E.E, 202 . 
Monhcij-dpide, 2: > 1. 

Monhey-hrmd, 225. 
Monhoj-pot trvosj 205. 
MonhdiooVy 100, 
Moiniina, liuiz Pai\ 
230. 


Moxocotyledones, 

304. 

Monodora, Dim. 202. 
^lonotropa, Nutt. 304. 
Monotuope.e, 304. 
.Mmisonia, X. 242. 
Montia, Midiel. 275. 
Moon-srodj 203. 
]M()rcli<41a, DHL 450. 
Morollsy 451. 
Moretondmy Pine, 400. 
]\lorinda, VailL 204. 
AIohixoace/E, 250. 
^forus, Toimiif. 351. 
il/r>.s-.sT.s*, 420. 

Mould, 445. 

Mould (f dieese, 454. 
Moimtain Aah, 203. 
.Moiiriria, Juss. 200. 
Moxa, 300. 

M rcK I ) ixk.e, 453. 
Mucoi% Midi. 453. 
JMucokk.e, 4^73. 
Mndar^ 318. 

Muliia, Arn. 280. 

31 ulhern/, V>52. 
Mulinuni, Pen. 287. 
Mullein, 335. 

Mundia, Kuntli, 230. 
Alunjedh, 205. 

^liisa, Tounief. 387. 

IVl USACEiR, 3^7. 

Miiscari, Tninief. 375. 
il/R*7//Y>(/y//, 450, 451. 
Musk-jiluut, 335. 
3Tu.stard, 215. 
3Iustard-tree, 307. 
ISliitisia, L.Jil. 200. 



jMyosotis. X. 325. 
^lyrica, X. 355. 
]Myrr’ace.e, 355. 
INlyricaria, Desv. 221. 
IMyrioiiema, Grev. 436. 
IMy^iophylkim, TVri7/. 
270. 

jNIyriotricliia, Xf«m436. 
jMyristioa, X. 341. 
]\rYIUSTlCArK.5R, 341. 
Alyrohalan, 268. 


Myrrh, 254. 
Myrsinace^e, 311. 
Myrsine, X. 311. 
MYIlTACEiE, 263. 
IMyrteje, 204. 

Alyrtle, 204. 

Myrtiis, Tournef, 204. 
Myxog^astreje, 449. 
Myzodendron, Sol. 343. 

Naiadaceje, 304. 

Naias, WiUd. 394. 
Napoleona, Pal. 206. 
Naucissea^, 388. 
Narcissus, X. 388. 
Nardoo, 411. 

N artlit‘cium, Mcehr.‘M%. 
N assavia, CommerK.^^d^. 
Nasturtium, R. Br. 214. 
Natdmee, 309. 

Navicula, Bory, 440. 
N(‘ctandra, Rottl. 340. 
Nectarine, 202. 
Neemdree, 238. 
Net^undo, 3Ioendi. 234. 
Nklumrtaceje, 207. 

N(d limbi uni, Jum. 207. 
Nemophila, Bartl. 319. 
Nepal Barley, 308. 
NEPEXTHACKAi:, 303. 
Nepbelium, X. 233. 
Nerium, X. 317. 

Neroli, 239. 

Nettle Order, 350. 

Nettle, Sfi^yiny, 351. 
Nettle-tree, 353. 
Neurada, X. 202.* 
Neuradeje, 202. 
Neic-Jenu^ Tea, 252. 
New-Zealand Flax, 377. 
Nicotiaiia, Tournef. 323. 
Nii)i:larie.e, 440. 
Nigella, Tournef 108. 
Nightshade, S2i. 

Nipa, Rutnph. 369. 
Nitella, Ay. 426. 
Nilraria, X. 237^ 
Nolana, X. 325. 
Nolanace.?5, 324. 
Nopal-plant, 284. 
Norfolk Island Pwie,406. 
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Nostoc, Vauch. 437. 
Kuflfpores^ 4^34. 

Xuplmr, Smith, 206. 
Nut-ffaUs, 3o5. 

Xittmeij^ 342, 

Nut meg A j Brazilian^ 340. 
Xux-vomica, 315. 
Xyctagixaceje, 337. 
Xyctantlies, Juss. .307. 
Xymplijea, Xeck. 200. 
Nympitjeace.e, 200. 

Oah~troefi, 355. 

Oats, .300. 

OciIXACE^E, 247. 
Odoiitdo-lossum, H. B. 
K 382. 

(Edogonieje, 438. 
(Edofronium, Link, 437. 
(Knanthe, Lam, 288. 
(Eiiothora, L, 200. 

Oil o f Ben, 200. 

Oil of Bergamot, 240. 
Oil- Palms, .308. 
OLArACE.E. 314. 
01(l-ma)fs-hear(l, 302. 
OIo«a, Touruef. 300. 
Oleacflt-], .300. 

Ole-e, 300. 

Oleander, 317. 

OHhanum, 254. 

Camha^s. 

210 . 

Olive, .300. 

Olive Seatreeffs, 430. 
Oniphalohium, Gcertn, 
253.* 

Onaorace.^:, 201. 
Oncidium, Swz. *382. 
Oncoba, Forsk. 217. 
Onion, 377. 
dnobrvchis, Tournef. 

2o.f 

Ony^rena, P. 440. 
Oxygen ejt:, 440. 
Opeprapha, Peru. 441. 
Oporcuiaria, A. Rich. , 
204. 

Ophiocaryon, Schomh, 
233. 

OpHIOGLOSSEiE, 417. 


Ophioglossiim, L. 417. 
Oplirys, Swz. 382. 
Opium Poppy, 210. 
Opopoiiax, Koch, 288, 
Opoponax, 280. 
Opuntia, Tountef. 283. 
Orach, 330. 

Orange, 2.30. 

Orchil, 44.3. 
ORCHIl)ACEil5, 381. 
Ot'chid,s, .381. 

Orchis, L. 382. 

Ori trail tim, L. 327. 
Oruithopus, X. 255. 
Orniis, Pers. .300. 
OTlOnANCIIArK.T!, .3.32. 
Orobanche, Ij. 332. 
Ohontiace.e, 370. 
Orontium, Tj. 370. 
Orris-root, .301. 

Oryza, L. :507. 

Osage Orange. 3.52. 

( )sl)»H*lvia, Ij. 2(>0. 
()scillat‘)ria, Bose, 4.30. 
Osnrj.AToui^vcE.E, 
4.30. 

Osiers, 3.50. 

Osniunda, L. 417. 
Os.MTXDE.E, 417. 
O^trya, Scop. .354. 
Osvris, L. .343. 

Otto o f Rosrs, 203. 

O ii V i raiidra, 77i ouars, 
.304. 

Ox AI.IDACEiE, 241. 
Oxalis, L. 241. 

O. rlij), 310. 

Oxvcocciis, Tournef. 

304. 

Ogster-hay Pine, 400. 

Piulina, Adam. 4.34. 
Pjounia, Toimicf. 108. 

P. EOXIEJE, 108. 
Pidissandre, 258. 
Paliiirus, ToHrmf. 251. 

f^AI.MACE.E, .305. 
l^almella, Aqh. 437. 
Palms, .305, '.308. 
Palmgra-w(H)d, 308, 
Pampas-grass, 400. 


Pancratium, L. 388. 
Paxdaxace^, 800. 
Pandaxe^i, 300. 
Pandanus, L. fil. .300. 
Pandoriiia, Fhrcnh. 440 
Ihintriuni, Reinw. 277. 
PANGEArEJf], 277. 
Panic E.E, .307. 
Paiiicum, L. 307. 
Pamsg, 220„ 

I^ipavcr, Tournef. 208. 
Papaveuace^^, 208. 
Papaw, 277. 
Papayacile, 277. 
Papayrola, Auhl. 210. 
Paper- Mulberry, 351 . 

1 * A p I L I( ) X A c E .E , 255. 
Papyrus, IVilld. 401. 
Paragua}! Tea, .*11.3, 
Pareira hrava, 203. 
Paimetales, 208. 

1 *ari» ‘tana, Tournef. 350. 
Pa u t kt a rie je, 350. 
Paris, L. 374. 

Park(‘ria, Hook. 417, 
I’arickrie.e, 417. 
Pariuelia, Fr. 441. 
Parinenticra, DC. 331, 
Parnassia, L. 232. 
Paronychia, Jum. 275. 

1 *A R ( )NYC HI A( ’ E.E, 275. 
Pa ro \ vcttie.e, 275. 
Ihirrotia, C. A. Meg. 280. 
Pardeg, 280, 

Parsnep, 280. 
Paspaliim, Z. -300. 

Passi flora, Juss. 278. 
I’aSSIEJ^OR ACEJE, 278. 
Pasrdon- flowers, 278. 
IWrlunili, 328. 
Ihiiillinia, L. 2.33. 
Paiillomiia, Zurc. .333. 
Pavia, Boerh. 2.3.3. 
Pavonia, Cav. 224. 
Peach, 202. 

Peach, Sierra Leone, 205. 
Pear, 203. 

Peas 

t^2i:rAW.m 
IVdiastriim, J/c//cw, 440. 
Pediciilaris, L, .333. 
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PhyllocladuSjZ. CMkh. 
40(). 


Plantaoinace^, 308. 
Plantago, L, 308. 
Plantain^ 808, 387. 
Platanaceje, 353. 


Poganuni, L. 244. 
Ptilargonium, llerit 
242. 

PeUiiory of Spain j 300. 
l^eujea, L, 340. 
Pkn.eack.k, 34(). 
Penicilliiim, Lh. 453. 
Penny-rojial, 327. 
P<j]itapt(Ta., Pork 208. 
Ptaitlioruin, L. 274. 
PoiitsttMlioii, ilvrit. 3.33. 
Pep<?i*oinia, R. ^P, 358. 
Poplis, L. 271. 

Pppcr, . 358 . 
Peppcr-chtlse, 431. 
Pippormint, .327. 
P(>pp(‘rs, 247. 

Pf'reskia, Phon. 28.3. 
IVriploca, L. .318. 
Peiuspoue.e, 452. 
PenKunhuco-v'imd, 250. 
Pvmnium}, 312. 
pKTALOTDl'l.E, 372. 
Petivkiiik.e, 3-30. 
Petunia, Jim. .‘52.3. 
l^(Hicodanum, L. 288. 
PuACTDTK.E, 452. 

1 * II .EO S I *0 U E.E, 4 .3( ). 
PhalaJiidpsiM, 7?/. .382. 
PllALAUIDK.E, .507. 
I’halaris, L. -‘507. 

PlIALLE.E, 410. 

Phallus, L. 440. 
P!IANEUO(iAMrA, 105. 
Pliarbitis, C'lum. 320. 
IMiascum, L. 421. 
Phaseolus, L. 255. 
PuinAi>Kniuir..E, 272. 
Pliiladelpbus, L. 272. 

1 3l ILKSI ACK .E, 37 3. 
Phillyrea, Tnunicf. .306. 
Pm I.YDK AC K/E, 380. 
Plil(unn, L. 300. 
Plilomis, X. .327. 

Phlox, L. 310. 

Phlorvs 310. 

Phouiix, L. -305. 
Phovmiuni, Ford. 375. 
Phylica, X. 251, 
Pliyllanthus, X. 347. 
Phyllocactus, Linky 283. 


Plivlloglossuni, Kunze, 
414. 

Phyllophora, Grev. 331. 
IMiysalis, X. .32*3. 
PliYtelephiis, R. P. 
308. 

Phyteuma, X. 302. 

] J YTO C } ^ V. VAC E.E, 352. 
Phytocreiic, U^ull. .‘552. 
Pha-tolaccace^, 330. 
Piamtha, 308. 

Picrasma, Rhnne, 247. 
Pilea, Lincll. .‘550. 
Pilostyles, Guill. 361. 
Pilularia, X. 411. 
Pimelea, Banks <5* Sol. 
344. 

Pimento, 264. 
Pimpinella, DC. 289. 
pTNAl'EA^, 404, 
Pine-apple, 301. 
Pine-trees, 404. 

Piney Dammar, 220. 
PingiiicuL*, Tournef. 
3:55. 

Pinks, 221. 

Piiius, X. 404. 

Piper, L. 358. 
PlI'EUACE.E, 3-57. 
PiPEUIT.E, 200. 
Piriquota, 270. 
Piscidia, X. 277. 
Pisonia, Plum. 337. 
Pistachio-nid, 253. 
Pistacia, X. 2-52. 

Pistia, X. 371. 

Pisuui, X. 255. 
Pita-thread, -380. 
Pitcairnia, Ile.rii. 301. 
Pitch, 406. 
Pitcher-plant.% -36-3. 
PlTTOSrORACEiE, 248. 
Pittosporum, Soland. 
248. , 

Plagiochasma, Lehm, 
425. 

PLAaiOSPEBMEiE, 280, 
Plane, 353. 

Planera, Gmel, 353. 


Platanus, X. 353. 
JMatystemon, Benth.208, 
Pleurandra, Lnhill. 200. 
Plocamium, Grev. 433. 
Plocaria, Nees, 433. 
Plum, 262. 

Pl.UMnAGIXACEA3, -308. 
Plumbago, Tournef.800. 
Plmm-nutmeys, 341. 

Poa, X. 3,00. 

POACEA3, -307. 
PoDAXINIEiE, 440. 
Podocaiq)us,XXX5‘. 406. 
Podophyllum, X. 205. 
PoDOSTEMACEiE, 350. 
Poison-Elder, 253. 
Poison-7iid, 31 7. 
Poison-Oak, 253. 
Polanisia, Raf. 215. 
PoLEMONIACEiE, 310. 
Polemoniiim, Tournef. 
310. 

Polyanthus, 310. 
Pt)lycarpon, Lnffl. 275. 
Polygala, X. 236. 
POLYCfALACEJfi, 2-35. 
POLYGONACK.E, -336. 
Polygonum, X. 336. 
POLYPETALJE, 107. 
PoLYPODIEiE, 416. 
PolypodWm, X. 416. 
PoLYPOHEiE, 450. 
Polyporus, Mieh. 450. 
Polysiphonia, Grev. 433. 
Poly trichum, X. 421. 
POME.E, 201. 
Pomeyranate, 264, 271. 
Pompelmoose. 230. 
Jhnd-weeds, 304. , 
PONTEDERACEJB, 380. 
Poplars, 356. 

Poppy, 210. 

Populus, X. 880. 
Porcupinr-ivood, 368. 
I’orphym, Ayh. 4-33. 
POPPHYllEJE, 433. 
Portulaca,ro?/r/jc/’. 275, 
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POBTULACACEiT-:, 275, 
Potalia, 

l^otainoorctoii, L. 394. 
PofafOy 324. 

Potato Fan(fm, 454. 
Potent ilia, L. 202. 
PoTENTJLLlD.E, 2G2. 
Poteriiiiu, L, 202. 
Pothos, Z. 370. 

PriM/ Ash, 240. 

Prichhf Pear, 284. 
Prhnrosej 310. 

TMniula, Z. 310. 
PniMULACEJE, 300. 
Prince's Feathers, 338. 
Prill Z. 313. 

Print/ ia, Cass. 200. 
Prism atocarpus , A Iph. 

DC. 302. 

Privet, 300. 
pROCTUDIwE, 350. 
Prosopis, Z. 250. 

Protea, Z. 340. 
Pboteace.e, 345. 
PllOTOPHYTA, 102. 
I’rune.e, 201. 

Prunella, Z. 327. 
Prutms, 201. ‘ 

Psidiuin, Z. 204. 
I’silotnm, Sw. 412, 
Psych otria, L. 294. 
Ptelea, Z. 21’"). 

Pteris, Z. 410. 
Pterisanthes, Plum. 

240. 

Pterospora, Xutt. 304. 
Pucciiva, Vers. 452. 
Puccoon, 210. 

Pu f-halk, 440, 450. 
Pulses, 254. 

Pnnphin, 281. 
Punciaria, Grev. 430. 
Puiiida, Z. 204. 
Pur(jing’-m4, 340. 
Purplc’-heart, 259. 
Purslane, 270. 

Putty -Kooty 384. 

Puyn, »351. 

PycnophycuSjJTwts. 485. 
Pyretlinim, GccHn. 208. 
Pyrola, Tournef. 304. 


Pyrole.e, 304. 

Pyrus, Lhidl, 202. 

Qualoa, Auhl. 207. 
Quamlany-^iiut, 344. 
Quassia, 247. 

Quassia, L. 247. 
Quercitron, 355. 
Qiiercus, Z. 354. 
Quillaia, Mai. 202. 
Qutlt.aije, 202. 
Quill-u'orts, 418. 

Quinas, 240. 

Quince, 203. 

111 squalis , Itum2)h . 208. 
Quitch, 400. 

Padiola. Dillen. 240. 
PadiAi. 215. 

Patnesia, 11. Br. 301. 

R A FFLESTAC E.E, 301. 
Ilaisins. 2 (0. 

Ramalina, Ach. 441. 
Pamhufan, 23 1. ^ 
Pampion, 303. 

Ran rxcrr. a(^ ejk. 1 08. 
Ranunculk.e, 107. 
Ranunculus, L. 108. 

R apli anus, Tournef.2\^\. 
Paspherry, 203. 

Pata, 205. 

Ravenala, Adans. 387. 
REAEMrui afe.e, 232. 
Ped Cedar, 400. 

Ped Pattlc, 3>35. 

Red Seaiceeds, 432. 

Red Snow, 430. 

Reed, 400. 

Veindeer Moss, 443. 
Reseda, Z. 210. 
Rksedaceje, 210. 
Resin, 400. 

RKsrrACEiE, 400. 
Restio, L. 400. 
Resurrect inm plants, 41 3. 
RirAMNACE4i, 251.* 
Rhammis, Juss. 251. 
Rhapis, L.fil. 305. 
Rhatany, 230. 

Rheum, Z. 2i30. 
Rhexia, Nutt. 200. 


Rhinanthus, Z. 333. 
Rliipsalia, Geertn. 283. 
IlnizoRoi.EAi:, 220. 
Rhizogens, 103. 
Rhi/oplidra, Lam. 207. 
Rn[Z()j»iroRA(’EA3, 200. 
R HO DODENDR EyE, 304. 
Rhod()d(‘ndron, Z. 304. 
Rliodoleia, Champ. 28(1. 
Rhodomela, Ayh. 433. 
R no DOM E I.E.E, 433. 
Rhodosi’ermea^:, 432. 
Phuharh, 337. 

Rhus, L. 252. 

Robes, L. 285. 
RmESTAOE.E, 285. 
Riccia, Mi eh. 420. 
RircrACEA'i, 420. 

Pice, 300. 

Pice-paper, 200. 
Rlelnii’diji, Kanth, 370. 
Riehardsouia, Ivunfh, 
204. 

Ricinus, Tournef. 347. 
Rissoa, Arn. 2:10. 
Rivularia, Path, 430. 
Poad-weed, 308. 
Poeamhole. 377. 
Ihu-cella, DC. 441. 

Po<'h Poses, 21 7. 
Romneva, Z. 200. 
Roiid(‘letia, PL 204. 
Rosa, Tournef. 202. 
Rosace.e:, 200. 

Rose.e, 201. 
Pose.-ap]des, 204. 
Posemarif, 328. 
l^ost^s, 285. 

Poseivood, 258.- 
II 0 SID.E, 202. 
Rosmarinus, Z. 327. 
Rottlora, Po.rl). 347. 
RoxBURGiiTArEA:, 373. 
Royena, L. 312. 

Ipibia, Tournef. 204. 
203. 

Rubiis, Ij. 202. 
Rudbechia, Z. 298. 
Pue, 240. • 

Rumex, L. 330. . 
Ruppia, Z. 304. 
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Rusciis^ Toimief, 375. 
Jti/s/icffy 3)78. 

MustSj 453. 

JJuta, I'ournof, 245. 
RuT/vriL^:^ 245. 

Mi/e,, 30J). 

llj/Cy Er()ot of, 452. 
Itj/fi-f/rasft, 309. 

Sahadilltt, 37^. 

Sabal, A(lan.s, 3G5. 
Sahia(’i<le, 204, 253. 
SacuGiaruin, 300. 
SaJ/fotcn', 300. 

Saffron, 301. 

Satjapntani, 280. 

S(nj(\ .‘>28. 

Sa<iiTia, L. 222. 
Sa^ittavia, X. 303. 

Srff/o ]^(dms, ^KK). 
Saf/o-pianfii, 400. 

Sji^'us. (fa-tin. 305. 
Sainffoitty 257. 

Stdcp, 3 ) 84 . 

SAi.irACE.E, 350. 

Salicor?iia, Touni. 3.30. 
Salisburia, Sm. 400. 
»Salix, X. 350. 

Sallows, 3 ) 5 (). 

Saloiiionia, Loar. 23(5. 
8al})i^4ossis, X. 1\ 
333. 

Saha ft/, 301. 

Salsdii, X. 339. 

S Ai-VADO n A ( 307. 
Salvovlia, St. ILil. 207. 
Salvia, X. 327. 

Salviiiia, Mich. 411. 
Sambucus, Tourn. 202. 
Sainolus, Tonnicf.'^X^. 
Samphire, 280. 
Saaiydace^:, 279. 
Sandahirood, 343. 
Sandal -wood, red, 258. 
Sandat'acy 400. 
Sand-jfra.sses, 400. 
Saii^iiinaria, 210. 
Sangdisojibk^t;, 201.^ 
SanioAila, Toarnef. 287 . 
Saiisoviera, Thindt. 375 
Santalacbje, 343. 


Santalum, X. 343. 
Sap-f/reen, 251. 
SAPINDACEiE, 233. 
Sapinde.e, 23.3. 
)Sapindua, X. 2.33. 
Saj)odilla-itlam, 312. 
Sapoiiaria, X. 222. 
Saponine, 223. 
Sapotapeai, 311. 
Sapria, (n iff. 301. 
Saproeeuniea^:, 438. 
Sapucaya-nuts, 2(55. 
Sarcocoly 340. 

Sarcocolla, Kth. 340. 
Sarcoplivtc, Spann. 

300. 

iSar^assinn, Humph. 

435. 

Sarracenia, X. 207. 
iSarracentaoe.e, 207. 
Sarsaparilla, 374. 
Sar.saparillay irihl, 290. 
Sassafras, Nee.s, 340. 
Sassafras, 341. 
Safin-woofjy X. X, 238. 
Sauraja, Wil/d. 220. 
Sai’jiajk.e, 220. 
Saiiridia, llarv. 389. 
Sauufkaceao, 358. 
Saururus, X, 359. 
Saussuroa, DC. 208. 
Saua'ACtEsiace^e, 220. 
Saline, 400. 

Savory, 328. 

Saxifragra, X. 272. 
SaxifragacevE, 271. 
Saxxer agai.es, 271. 
Saxifrageje, 272. 
Saxifrayes, 273. 
Scabiosa, Schidt. 

29(i. _ • 

Scabious, 297. 

Scale- Mosses, 423. 
Scammony, 320. 
Sca-yliopetaluin, Mast. 

225. ^ 

SCEPACEiE, 349. 
Scheiiclizeria, X. 393. 
Schinus, X. 252. 

, Scbizoea, 417. 

SCHIZiEEiE, 417 . 


Schizandra, X. C. Hich. 
204. 

SCHIZANDRACEJE, 204. 
Scbizantbus, R. P. 
333. 

Schizopetalon, Hook. 
214. 

Sclioeniis, X. 401. 
Scholia, Jacq. 255. 
Schweinitzia, Dll. 304. 
Scilla, X. 375. 

Scio Turpentine, 253. 
Scirpus, X. 401. 
ScLERANTHEiE, 276. 
SclcraiiUiRs, X. 275. 
Scolopendrium, Smith 
410. 

Scorzonora, X. 301. 
Scotch Fir, 404. 

Screw Pines, 309. 
Scroplmlaria, Tournef. 
333. 

SCR OPHUL ARIACEiE, 

323, 332. 

Scrubby Oak, 229. 
Sea-Buckthorn, 345. 
S^-a-Kale, 215. 

Seaweed.^, 428. 

Sea- Wracks, 434, 
Secale, X. 399. 

Soebium, P. Br. 280. 
Secotiiiin, Kze. 449. 
Secxiridaca, X. 236. 
Sedges, 4(11, 

Sedum, X. 274. 
Seeagtxacea^, 329. 
Sela{:finella, Sprifiy. 412. 
Semccarpus, X. 252. 
Semen Contra, 299. ^ 
Sempervivum, X. 274. 
Senebiera, Poir. 214. 
Senecio, Less. 298^. 
Senna, 258. 

Sequoia, 406. 

Serratiila, DC. 298. 
Sesamum, X. 330. 
Sesuvium, X. 275. 
Setaria, X. 397. 

Sevitte Orange, 239. 
Shaddock, 239. 

ShaUot, 377. 

2 H 5 
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Shaloo, 800. 

Shamoo/ffj 800. 

Shea, 81 1>. 

Slu'i’artliji, Ih’ll. 204. 
Sliorea, JRoj'h. 228. 
Sicvos, X. 280. 

Sida, X. 224. 

Silaus, ]h‘ss, 288. 
Sileno, X. 222. 

SlLEXK.E, 222. 

Silk^cntfon-trees, 225. 
Silk^u'eeth, 48(). 

Silver JFVr, 405. 

Simaba, 247. 
Rimaruba, AM. 247. 
SfMAIU'lJACE.E, 247. 
Siria])is, Tonmef. 214. 
Simfhara-nut, 270. 
Sipliocaiiipyliis, Vohl, 
801. 

Sisyiiibriiiiii, X. 214. 
Sis\Tinclimm, X. 801. 
Rkiniiera, Vord. 20)0. 
Skfmk’-cahhaf/e, 871 . 
Smontlimainiia, Sohmcl. 
278. 

Smtj.ace.e, 874. * 

SniiJax, X. 874. 
Siiiyrnium, X. 287. 
Snake-ffourd, 281. 
Saake-nat, 284. 
Snake-root, 280. 

*S/< ap-draf/on , 2,85. 
Snow-hernj ^ ^0.8. 
Snowdrop, 888 . 
Snowdrop-tree, 814. 
Snow-^lakc, 888 . 
Soap-root, 228. 
Spap-worts, 288. 
''SoLANACEii*:, 821, 323. 
Rolan mil, X. 828. 
Rolitlajfo, X. 208. 
Rollya,'X/V/^7/. 248. 
Sdomon'ft S(>al, 877. 
Sonchns, X. 200. 
Ronerila, TPo./^. 209. 
Rophora, X. 255. 
Sorghum, Pm. 397. 
Sorrel, 880. 

Smari-nnff*. 280. 
Sour-sops^ 202. 


Soathern-ibood, 200. 
RpAJnciFLoii^, 104, 
805. 

Sparganiiini, X. 309. 
Sparmannia, 228. 
Speedwell, 885. 

800. 

Rporgula, X. 275. 
Sporgularia, Peru. 275. 
Rpormacoce, X. 204. 
Sph.Tria, X. 452. 
SPH^ERlArEA-l, 452. 
Rph.eutk.e, 452. 
Spluprocarpua, Mieh. 
42(5. 

Rpir.ERococcE.E, 488. 
Rph.'prococcus, Grer. 
488. 

Rpluproplioron, Pers. 
441. 

Rplunroplea, ^////. 487. 
Rpb«Tr().^teina, Blum. 
204. 

Rpita(3Xace.e. 412. 
Rpbajrninn, Ididen. 422. 
Spider-worts, 870. 
Spiurelia, X. 814. 

)S>a7,V', oil of, 828. 
Spikenard^ 200. 
Spinach, 880. 

Spinach, New-Zealayul, 
270. 

Rpiinicia, Tonrnef. 880. 
Spindle-tree, 251. 
Rpirjpa, X. 2(52. 
Sptieeid.e, 2(52. 
Spiro<>:yra, Link, 487. 
RpLichnuni, X. 421. 
Split-Mosses, 428. 
Spondjfis, X. 252. 
Rpopogamia, 410. 
Sprnce Pir, 405. 

Spnreje Laurel, 844. 
Spurrey, 228. 

Squill, .370. * 

Rtaavia, ThSmh. 280. 
Stac'hyx, Benth, 827. 
STACKnOUHIACE-E.251. 
Rtagmaria, .P/fX, 252. 
Rtangeria, Moore, 400. 
Stanhopea, Ford. 382. 


Stapolia, X. 318. 
Rtapbylea, X. 234. 
Rtapjiyi.eace.e, 234. 
Star-Anise, 201. 
Star-apple, 812. 

Star- wort, 850. 

Starch, 808. 

Rtatice, X. 300. 
Stfiuiitoiiia, DC. 204. 
Staresarre,,V,M ). . 
Sttdlaria, X. 222. 
Stj'.llat.e, 204. 
Sttuiionitis, Glcd. 440. 
Rtojilmnospluera, Coh)i, 

440. 

St m* 111 i a, X. 220. 

RrEiiPriJArK.E, 220. 

Rtiuicplikjo, 22(5. 
Rtproocaiiluii, Schreh. 

441. 

Rticta, Schreh. 441. 

St. Jf/natias's Bean, 815. 
SrTT^AGINACK.E, 352. 
Stila^^o, X. 852. 
Stinyiny-netflc, 851 . 
Stipa, X. 807. 

*S7. John s-u'ort, 281. 
Stock, 215. 

St one- crop, 274. 
Stone-pine, 405. 

Sfora.r, yum, .818. 
Storajr, liquid, 28(5. 
Sirashurq T utpentine, 
400. 

Rtratiotes, X. 802. 

St r a wherry, 2(58. 
Rtnditzia, Banks, .887. 
R ti’i'ptocarpus, Lindl. 
.881. 

Strinyy-harks, 2(55. 
)StiTobm)S, X. 814. 
Rtyltdiace.e, .802. 
vStylidiuni, Sw. 802, 

STYnACACE.E, .81.8. 
Styrax, Tournef. 818. 
Riibiilaria, A dans. 214. 
Succory, 800. 
Suyar-enne, 300. 
Sumach, 258*. 

Sun^deics, 218. 
Sun-flower, 300. 
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Sun-hem]}^ 224. 
Sunnam Medlar^ ol2. 
Sfca-ntp Pine, 4(>5. 
Swarlzia, inifd, 255. 
ISweet-hafj .‘U G. 

Sweet Potato, G21. 
Sarct-sopj 202. 

Sweet Vernal GrasSj 
000. 

Street Violet^ 220. 

Sweet 'mUfarn, 223. 
Swietoiiiii, lu 238. 
Spcamore-Jttjj .352. 
SyinpliDiicarpuh?, P>iU, 
202. 

Sympliytmn, L. 325. 
SynspoiuwE, 130. 
Syrin«i*a, L. 300. 
Sprinpdj 273. 

TahuAheerj ‘100. 
Taljf'rntoiuontaiia, 
Plum, 317. 

Tui amahtca, 2‘)l. 

'Vournef. 208. 
"Fal ilium, AdaUf^, 275. 
Tallow-treej 231. 
Tamartcac’e.e, 220. 
Tamariitd, 258. 
Taniarind-fdanij 258. 
Tainarindus, L. '2oi). 
Tamari.dc, 220. 
Tamarix, 221. 

Tamils, L, 373. 
Taiuihiiiia, ThoiutrSj 
3,17. 

TatKjley 430. 

'^raoiiia, J. A(jh, 434. 
Tapi or a, 340. 

Tara, 371. 

Taraxacum, Jim, 200. 
Tarragon j 2J)0. 
Tasmaimia, It Br, 201. 
Taxacj^^i^, 400. 
Taxodium, X. C. Rich, 
404. 

3''axus, L, 400. 

Teay 230. 

Tea, Cape of Good 
Hope, .30(). 

Teoy Paraguay y 313. 


Tenky^2^, . 

Teazel, 200. 

Tecoma, Jim, 3.30. 
Tectoua, L, 328. 

Tof, 300. 

Tellairia, Hook, 280. 
TkH K lilXTHACEA^, 252. 
Terminalia, L. 208. 
Teumixa lie.e, 2<>8. 
Turnst ru i 1 1 m,Mart.220. 
T K n XSTltCEMl A CEJhly 
220 . 

TERXSTJlCEMTEiE, 229. 
3’otilla, DC. 273. 
T(3tracera, L. 200. 
Tetragonia, L. 275. 
3'etramtd<‘s, U. Br, 282. 
Tt»trantliera, Jaei/. 340. 
Tetrapathma, DC, 278. 
Totrapliis, Hedw. 421. 
Ti'traspora, I)ec. 437. 
3\uicrium, L. 2r27. 
Thal.amtfloti.e, 107. 
Th alictriini, Tounief, 
10.< 

TUALEOt^AMIA, 414. 

Thallogexs, 427. 
Thallophyta, 102, 
427. 

Tliamiiocliortus, Berg, 
400. 

Tliapsia, L, 288. 

Thea, L. 2:10. 
Theobroma, L, 225. 
Idieophrasta, Jim, 311. 
Thesiiiiii, L. 343. 
Thisniia, Griff, 384. 
ThUles, 301. 

Tlilaspi, Dill. 2U. 
Thorn-apple, 324. 
Thrift, 300. 

Tliiija, Tourncf, 404. 
Tlmnber«i:ia, L. 320, 
Thyme, 328. 
Tuymfxace.is], 344. 
Tli^unus, Jj, 327. ^ 
Ticorea, Auhl, 245. 
Tii^ridia, Jim, 390, 
Tilia, L. 227. 
Ttliace^e, 227. 

Tilla3a, Mich, 274. 


Tillandsia, L. 301. 
Tmosipteris, Berkh. 41 2. 
Toad-flax, 335. 
Toadstools, 450. 
Tobacco, 324. 

Toeasso, 390. 

Todea, Willd, 417. 
Tolieldia, Huds, 378. 
Tomato, 324. 
Tonka-hean, 258. 
Toiiruefortia, R, Br, 
320. 

Tous-les-mois, 387. 
Tradoscantia, L. 379. 
Tragacanth, 220, 258. 
Tragopof^on, L. 299. 
Trapa, L. 200. 

Ih'ee of heaven, 247. 
Tremaiulra, R. Br. 236. 
Tbemandbaceje, 236. 
Trinnella, Dill. 450. 
Tbemelleje, 450. 
Trianosperma, 280. 
Tribuliis, Tourncf . 244. 
Tricerastes, Presi, 282. 
I'riebia, Hall. 440. 
Trichocladiis, l*ers. 280, 
Trichocolea, Nees, 424. 
Trichogastkeje, 440. 
Tricliomaiies, L. 417. 
Tri cliost omiini, lied w. 
421. 

Trifoliiim, L. 255. 
Triglochiii, L. 303. 
Trillium* Mill. 374. 
Tripe de rovhe, 443. 
Triphasia, Lour^ 239. 
Tripsacum, 399. 
Triticum, L. 397. 
Triumfetta, Plum. 227. 
Trixis, P. Br, 209. 
Tuopxolagex, 243. 
Tropocolum, L. fW4. 
Truffles, 449, 451. 
Trumpet-flower, 330. 
Trumpet-lihf, 371. 
Tuber, Mich. 450. 
Tubkbeje, 450. 
Tuberose, 377. . 
TUBIFLORiE, 208. 
Tulipa, Tourncf. 375. 
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Tidip-free, 201. 

Tiipa, G. Doth SOI. 
Turh\i/-re(I. 24o. 
Tiinnoric, SS5, 

Turnera, Plum. 270. 
TiniNERACKiE, 278. 
Turnip f 2lo. 

Turtmth, 340. 
TurpmUne^ 406. 
Tusmc-pnm^ 300. 
Tussilajro, Tournef. 208. 
Tyinpanis, Tod. 452. 
Typlia, L. 360. 
TiTHACEiE^ 3()0. 

Udora, XuH. 302. 

ITlex, L. 255. 
Ulmace^s. 352. 
ITlme^e, 353. 

IHinuS; L, 35.3. 

Ulva, Affh. 437. 
IJmbkllifkr.e, 280. 
limbilicaria, Hoffm. 
441. 

V XIOE I.IAIL ARES, 438. 
TJjius tiniUu 315. 
UpusAree, 352. , 

ITuEBINEiE, 452. 
IJUENEJE, 224. 

Urera, 350. 
rUERE.E, 350. 

TJrtica, Tournef. 350. 
'^Irtic ace.e, 350. 
listeria, Willd^ 314. 
TJtricularia, L. 335. 
IJvaria, L. 202. 
Uva-uhi, 305. 
Uvularia, L. 378. 

VACCINTEiE, 303. 
Vacciniuin, L. 304. 
Valerian, 205. 
Valerfana, Neck. 206. 
Valeri ANACE iE, 205. 
Vallisneria, Mich. 302. 
Valonia, 355. 

Vanda; R. Br. 382. 
Vanilla, 382. 
Vanilla, 384. 

Vateria, L. 228, 
Vaucheria, DC, 437. 


VAuciiERrR^, 438. 
Vetjelahle Ivory ^ 368. 
VvyeUthle Mnrrotr, 281, 
Vellozia, Mart. 380. 
J^enice Turpentine, 486. 
Venus's Fly A rap, 218. 
Voratrum, Tournef. 378. 
^^n’ba.seuln, L. 333. 
V(‘rbena, L. 328. 
Vkrbknace.e, 328. 
Verbexile, 328. 
Vernal-yrass, ») 00 . 

V eronica, L. 333. 
Verrucaria, Pers. 441. 
Vervain, 328. 

Vetiverf, 300. 
Vibuniiun, L. 202. 
A’icia, L. 255. 

Victoria, Lindi 206. 
Villarsia, Vent. 316. 
Vinca, X. 317. 
Viucetoxicum, Mantch. 
318. 

Vine Mildew, 45^^ 
Vines, 240. ^ 

Viola, L. 210. 
VlOLACE.E, 210. 

Violet, 220. 

Viryinia Cre(per, 240. 
Virqin ian Snake- root, 
2/62. 

Virola, Auhl. 341. 
Viscmn, Tournef. 343. 
Visinia, Velloz, 232. 
VrTACEiE, 248. 

Vitex, L. 328. 

Vitis, L. 240. 

Vivian VC KJE, 243. 
Vochysia, Juss. 267. 
VoCIlYSIACK^E, 267. 
VoLVociNiEii:, 440. 
Volvox, Lam. 440. 

Wall-flower, 215. 
Walmd, 354. 
Waltheria. L. 220. 
Wampee, 240. 

Wairee, 300. 

Water A)eans, 207. 
Water-chestnut, 270. 
WaUr-cress, 216. 


Water-hemlock, 280. 
Water-lilies, 207. 

J f \itcr-peppers, 232. 
Water-weed, .302. 
Wa.r-Mifrtle, 355. 

Weld, 217. 

Wclwitschia, Hook. f. 
407. 

Wernmtih 200. 

Wheat, :J00,, 

White rust, 453. 

117/ orile-herry, 305. 

Wiy -plant, 252). 
AVildcuovia, Tliunh. 
400. 

Willows, 356. 
AVtntkre.e, 201. 
Winter Aconite, 100. 
Winlcr-f/reen, 305. 
Winter's hark, 201. 
Witch- Hazel, 286. 
Woad, 215. 

Wood-od, 2:18. 
Wixul-StwrcU, 241. 
WooraJi, 3)15. 
Worm-seed, .330. 
Wormwood, 200. 
Wriobtia, R. Br. 317. 
Wych Elm, 35.3. 

Xanthuclivimis, Roxh. 
231. 

Xanthophyllum, Roxh. 
2.36. 

Xanthorrliani, Sm. 376. 
Xamitoxylace.e, 

246. 

Xanthoxylon, Kunth, 
246. 

Xeranthciimni, Tournef. 
208. 

Xylophylla, L. 347. 
Xylopia, L. 202. 
Xyridactle, 370. 
Xyris, L. 370. 

Yams, 372. 

Yeast-plant, ^54. 

Yellow Rattk, 3.35. 
Yellow-root, 1 00, 
Yellouo-wood, 238. 
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Yfiv-tiTn, 400. Zea, X. 309. 

Yucca, X. fi76. Zahra-wootJ^ 253, 29'j. 

. Zedocmjy 385. 

ZaiDia, X. 400. /^iiigiber, Gcv.rfn, 385. 

/anuiclicllia, Mioh, 394.yZrxGiDKJiACE^E, 385. 


Zinnia, X. 298. 
Zizyplius, Tottrnef, 251. 
Zostera, X. 394. 
ZYGOPUYLLACEiE, 244. 
Zygophyllum, X. 244. 


GEISTERAL AND GLOSSAEIAL INDEX. 


[The cii)ljinaiiona of the to<‘hnieal trrma are given at the pages referred to.] 


Abaxial ciiihryo, 153. 
Abbroviatory inark.'^, 80. 
Abgrtion, SA, 00, 91. 
Abru])lly ]>inn:i(e, 59. 
Absorplioii, 5()l. 
Accessory bnda, 08. 
Acercsceut calyx, 102. 
vVceiimbont cotyledons, 
152. 

Acorose, 54. 

Aclueno, 140.' 

Acb.-cniiim, 140. 
Achlainydoous, 90. 

Acids, organic, 573. 
Acrobrya, 510. 

Acrogcns, stems of, 510. 
Acnlei, 05. 

Acuminate, 55. 

Acute, 55. 

Adherent, 95. 

Adlie.sion, 88, 04. 

Adnat(* anther, 114. 

stipules, 49. 

Adventitious buds, 08,581. 
- - roots, 17, 18, 525, 
539. 

Aerial roots, 19. 

system, 512. 

Acirophyta, 10,441. 
w^K.stivation, 72, 98. 

Age of plaTits, 549. 
Air-canals, 512. 

AIjv, 105. 

Alate, 49. 

Albumen of seeds, 150. 

eeiitrale, 153. 

peripherieum, 153. 

Alb\imin<)us (seeds), 151. 
Alburnum, 523. 

A1 cur one, 490. 

Algas, morphology of, 428. 


Algie, reproduction of, 
589. 

Alternate, 40. 
Alternipinnato, 00. 
Altitude, regions of, 045. 
Amber, 071. 

Anumtum, 70. 

Amniotie sac, 151. 
Amphigastria, 423. 
Ampbisarea, 145. 
Amphitropous, 131. 
Am]>V'xieaul, 55. 
Amyloid^ 480. 

Anatomy of leaves, 528. 

of roots, 524. 

of stems, 515. 

Anatropous, 130. 
Andneeium, 113. 
Andropborc, 97. 
Androsporcs, 591. 
Angiosj>ermia. 10. 

, ovidcs of, 010. 

Angiosp«)r;e, 10, 

, reproduction of, 

595. 

Angular, 38. 

divergence, 42. 

Anisoinerous, 91. 
Anisostemoiious, 117. 
Annual jdants, 547. 

rings of Dicotyle- 
dons, 521. 

steins, 32. 

Annidar celbs, 484. 

— vessels, .502, 504. 
Annulus of Ferns, 418. 
Anther, 113. 

, faces of, 1 14. 

, ftjrins of, 1 15. 

, structure of, 530. 

Antheri(lia,410,653,689. 


Antberidia of Algne, 589. 
Antberozoids, 552, 589. 
Anthocarpous fruits, 146. 
Antbopborc, 97. 
Anthracite, 070. 
Apetalous, 90. 

Apex of leaf, 55. 
Ai)Ocarpoiis fruits, 137. 

]>istil, 122. 

Apotbecia, 442. 

Arabinc, 497. 

Arbor, 30. 

Arbusculus, 30. # 

Arebegonia, .53.3, 598,001. 
An'uate embryo, 152. 
•Areas of distribution, 037. 
Arillodo, 150. 

Arillus, 150. 

Arista, 111. 

Articulate, 38. 

Art iculation of leaves, 40. 
Artificial classifications, 
181. , 

Ascending, 38. 

ovule, 129. 

Ascent tA sap, 5#5. 

Asei, 445. 

Ascidia, 03. 

Assimilation, 573. 
Astomoiis, 422. 

Atro}ious, 130. 
Aurieulate, 55. • 

Authority for names, 107. 
Awl-shaped, 53. 

Avvm, 111. 

Axial embryo, 153. 

roots, "17, 526. 

Axil, 22, 39. 

Axil© placentas, 124. 
Axillary buds, 22, 67. 

inflorescence, 72. 
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Axillary stipules, 49. 

Axis, ascending, 21. 

, hypocotylcdonary, 

22 . 

Axogamia, 10, 597. 
Axopliyta, U). 

Biicca, 140. 
llalaiista, 147. 

Balsams, 577. 
Banyan-tree, 20. 

Bark, 508. 

Basidiospores, 445, 534. 
Basidium, 445. 

Basilar stylo, 126. 
Bassorine, 497. 

Bast, 523. 

Bentliam and Hooker’s 
System, 194. 

Berry, 145. 

Biennial plants, 547. 

steins, 33. 

Bignoniaccue, stomsof,521. 
Bilabiate calyx, 102. 

■ corolla, 100. 

Bilocular anther, 110. 
Binary flowers, 87. 

Bi pinnate, 00. 
Bipinnatifid, .58. 
Bipinnatipartite, 58. 
Bipinnatiswt, 58. 
Bitcrnate, 00. 

Blatle, 40. 

“ Bleeding,” 509. 

** Bloom” of fruits &o., 578, 
Botiinical geogra])liy,041. 

geology, 070. 

paper, 4. 

regions, 053. 

Botlirenrhyma (pitted tis- 
sue), 502, 504. 
Bracteoles, 74. 
Bract-region, 24. 

Bracts, 40, 72, 74. 
Bristles, 02. 

Brooms rapes, 21. 
Budding, 584. 

Buds, 06. 

, adventitious, 68,581 . 

■ axillary, 22. 

, on roots, 21. 

■■ — , terminal, 22. 

, winter, 70. 

Bud-scales, 69. 

Bulb, 25. 


Bulbils, 20. 

Bundles, definite, 508. 

, fibro-vaseular, 500. 

, progressive, 508. 

, simulbineous, 507. 

, vaseidar, of Dico- 
tyledons, 507. 

Caducous, 83. 

calyx, 102. 

corolla, 108. 

Calycifioral, 95. 

Calyx, characters of, 100. 

, common, 79. 

, lobes of, 101. 

, throat of, 101. 

, tube, 97, 101. 

Calyptra (of Mosses), 421, 
598 . 

Cambium-region, 500. 
of Monocotyle- 
dons, 518. 

of Dicotyledons, 520. 

Campannlate, 101, 105. 
Campylotropons, 131. 
Canalieulato, 48. 

Canals for secretions, 514. 
Cancellate-nerved, 52. 
Caoutchouc, 578. 
Capillary, 114. 

action, 505. 

Capitate stigmas, 127. 
Capitulum, 78. 

Cajisule, 143. 

Carbon, assimilation of, 
574. 

Carbonate of lime, excre- 
tion of, 578. 

Carbonic acid, absorption 
of, 571. 

, evolution of, 572. 

Carcerulus, 143. 

Carina, 105. 

Carpels, 120. 

of Gymnosperms, 

128. 

Carpophore, 07, 136. 
Caryophyllaceous corolla, 
104. 

Caryopsis, 143. 

Catkin, 76. 

Caudex, 35. 

Caudicle, 120. 

Caulicle ( = hypocotyle- 
donary axis), 22. 


Cauline leaves, 40. 

Cells of anthers, 115. 

of ovaries, 123. 

Cells, 470. 

, annular, 484. 

•, circulation in, 552. 

, clathrate, 483. 

■ ■ — , colonies of, 499. 

, conducting, 501. 

, contents of, 488. 

— — jdevelopijieiit of, 531. 

, duration of, 549. 

, fibrous, 483. 

, form of, 472. 

, magnitude of, 470. 

, nucleus of, 491. 

, perforated, 482^ 

, pitted, 48(). 

, reticulated, 484. 

, scalarilbrm, 484. 

, spiral, 483. 

Cell-division, 53 1 . 

Cell formation, free-, 531, 
534. 

Cell-life, 551. 
Ccll-mombrane, composi- 
tion of, 487. 

, molecular structure 

of, 478. 

Cell-wall, 477. 

Cellular envelope, 520, 
523. 

— system, 505. 
Cellulose, 485. 

, detection of, 480. 

Central ])laocntas, 124. 
Centres of dilfusion, 037. 
Centrifugal inflorescence, 
75. 

Centripetal inflorescence, 
75. 

Ceramidium, 431. 
Cernuus, 38. 

Chalaza, 130. 

Cl 1 araceaj,reproduction of, 
595. 

“Characters’ ’ofplants, 173. 

, diagnostic, 171. 

Chemical test, 5. 
Chemistry of vegetation, 
558. 

Chlorophyll, 492. 
Chorisis, 89, 214. 
Cicatrix, 49. 

Cinenchyma, 509. 
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Circinato, 71. 

Circulation in cells, 552. 

of sap, 570. 

Circumscissile dehiscence, 
1.30. 

Cirri, 0.3. 

Clad ode, .39. 

Cladophora, cell-division 
of, 533. 

Classes, Linnean, 18.3. 
Classificaticm of fruits, 
1.38. 

, principles of, 1.55. 

, sysfems of, 181. 

Clatlirato cells, 483. 

Claw of petals, 10.3. 
Climate, 0.31. 

Climbing? plants, 38, 030. 
Cloves, 20, 582. 

Coal, 070. 

Coats of ovule, 129. 

Cocci, 135. 

Coccidiuiu, 431. 

Cochlear i form, 104. 
Cecuantliium, 81. 
Cohesion, 88, 93. 
Coloorhiza, 18, 525. 
Collar of stems, .520. 
Collateral multijdication, 
89. 

Collcnchyma, .501. 

Col leiicliyina-cells, .501 . 
Colloid, 502. 

Colonies of cells, 499. 
Coloured light, action of, 
.571. 

Colouring matter of 
flowers, 498. 

Columella of Mosses, 421. 
Column of Orchids, 123. 
Coma, 149. 

Common calyx, 78. 
Common receptacle, 78. 
Com])lete flower, 88, 90. 
Compound flower, 78. 

fruits, 145. 

— glands, 51.3, 

infloroscenco, 81. 

leaf, 51, .58. 

pistils, 122. 

stamen, 89. 

unfbel, 77. 

Compressed, 38. 

calyx, 102. 

Concave petiil, 104, 


Conceptacles, 4.33. 434. 
Conceptaculum, 14.3. 
Condition of food, 5G4. 
(>V)nduplieate, 71. 
Conducting cells, 501. 

tissue, 530. 

Cone, 76. 

Con ferv( )ids, r eproducti on 
of, ,591. 

CoT'fluout fruits, 147. 
Conidia, 151, ,5.34. 

Con i f(‘rm, reproduction of, 
608. 

, stems of, 519. 

, wood of, .521. 

Conjugation, .590. 

in Fungi, 589. 

Connat e leaves, 55. 

sti]>ules, 50. 

Connective, 115. 
Connivent sepals, 101. 
Consistence of leaves, 6 1 . 
Contact action, .556. 574. 
Contents of cells, 488. 
Contorted activation, 99. 
Convolute, 72. 

Con vol utiveoesti vation,99. 
Cordate, .53. 

Coriaceous, 61. 

Cork, 511. 

Corms, 27. 

Connophyta, l(k 
Corolla, eharactersof, 103. 
Corolli floral, 95. 

Corona, 107. 

C’orou(;t, 1 07. 

Corpuscles, germinal, 603, 
Oil. 

Corjuiscula, 608. 
Corriigate, 99. 

Cortex of fruits, 133. 

Cort ical system, 508. 
Corymb, 76. 

Corymbose cyme, 80. 
Costai, 51. 

Cotyledons, 15, 152. 
Creeping, 38. 

Cremocarp, 146. 
eflenate, 4^). 

Crested petals, 104. 
Crista, 104. 

Cruciform corolla, 104. 
Crude sap, .565. 
Cryi)togamia, 10. 

, morphology of, 153. 


Cryptogamia, roots of, 
524. 

Crystals, 409. 

Crystalloid, 56.3, 

Cubic c(!lls, 474. 

Culm, 3*3. 

Cuueate, 5.3. 

Cup-shaped, 101. 

Cujuile, 145. 

Curved embryo, 1.52. 
Curvi nerved, 52. 

(hiscuta, 21, 

Cuspidate, 55. 

Cuticle, .511. 

Cuttings, 527, 583. 

Cycle, 41. 

Cylindrical, 101. 

cells, 472. 

Cyme, 3t), 79. 
Oynarrhodum, 142. 
Cyj)sel‘i, 145. 

Cystolitlies, 499. 
Cytoblast, 491. 

Dark, plants grown in the, 
572. 

Darwin’s hypothesis, 162. 
Death of pla.nl s, 549. 

^De Candolle’s System, 192. 
’Deciduous, 83. 

■ calyx, 1 02. 

corolla, 108. 

leaves, 61. 

Declinato stamens, 118. 
Decomposition of carbonic 
acid, 572. 

Decom|M)und, 58, 60. 
Decumbent, 38. 
Decainvnt. 49. 

Decurrent leaveS, 55. 
Decussate, 45. 
Deiloublcment, 89. 
Definite inflorescence, 75. 

vascular bundles, 

508. 

Do Unit ion of plants, 542, 
De Hexed, 39. 

Defoliation, 521, 529. 
Deliisceuceof anthers, 117. 

of fruits, 133. 

Deltoid, 53. 

Dentate, 56. 

Deposits, secondary, 479. 

, siliceous, 487. 

, tertiary, 485. 
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DeriTative hypothesis, 
161. 

Descent of sap, 570. 
Description of plants, 170. 
Development, 575. 

, Inws of, 545. 

of colls, 531. 

of floral organs, 541. 

of leaf-organs, 540. 

of ovules, 541, 610. 

of roots, 531). 

of stamens, 541. 

of stem, 538. 

of stomata, 530. 

of vessels, 537. • 

, progressive, 83. 

, simultaneous, 541. 

, successive, r>4l. 

Dextrine, 485, 406. 
Dextrorse, 100. 
Diadelphous, 110. 
Diagnoses of plants, 170. 
Diagno.stio tables, 170. 
Dialysepalous, 100. 
Diandrous, 117. 
Diatomaccie, reproduction 
of, 500. 

Dichlainydeous, 00. 
Dichogamous, 015. 
Diclesiuni, 141. 

Diclinous, 00, 112, 015. 
Dicotylcdones, 10, 14. 

, roots of, 520. 

, stems of, 519, 

Didynamous, 118. 
Diffusion, centres of, 037. 

of fluids, 5^, 504. 

Digibite, 00. 

Dilated filament, 114. 
Dimcroii^ flowers, 87. 
Dimidiate anther, 116. 
Dimorphism, 615. 
Dimeious, 00. 

Diplot egia, 140. 
Direction of seeds, 148. 
Di.scoid«florets, 70. 

Di.sk, 70, 07. 

Di.ssected leaves, 58. 
Dissepiments, 1^. 
Distichous, 41. 

Distinct, t)3. 

Distribution, geological 
causes of, 030. 
Divaricate, 30. 

Divergent sepals, 101. 


Diverticula, Oil. 

Division of cells, 475. 
Dodder, 21. 

Dorsum of anther, 114. 
Dots of ccll-mcmbrane, 
470. 

Dotted ducts, .504. 
Doubly dentate, 56. 
Doubly serrate, 56. 
Dracivna. stem of, 518. 
Druj)e, 141. 

Ducts dotted or pitted, 
504. 

Dumes, 34, .30. 

Duramen, 522. 

Duration of calyx, 102. 
— of loaves, 61. 

of plants, 547. 

l^laboratiou of food, 571. 
Elasticity of tissic's, 020. 
Elaters of Euuisetum, 
415. 

of Liverworts, 425. 

Elementary organs, 400. 
Elements, cheiuic{il,.558. 
Elliptical. 53. 
Einarginute, 55, ' 115. 
Embryo, 15, 131, 148, 
151. 

of Crypt ogarnia, 507. 

En 1 bryo -cells, formation 
of, 508. 

Embryo-sac, 131, 001. 

, ses^pdary, 008. 

Embryq|Piy of Angio- 
spermia, tUO. 

of Gymnospermia, 

008. 

Emergence, 94. 

Enation, 88. 

Endlicher’s System, 102, 
Enclocarp, 133. 
Endopleura, 149. 
Endosmo.se, 503. 
Endos]>crm, 150, 151. 
Endosperm-celLs, forma- 
tion of, 537. 
Endostome, 130. • 

Endotheciurn, (JSlO. 
Ensiform, 53. 

Entire leaves, 51, 55. 

sepals, 100. 

Epicalyx, 08. 

Epicarp, 133. 


Epidermis, 508. 

, development of, 527. 

, pitted, 485. 

Epigone, 424. 

Epigynous, 05. 
Ej'jijibytes, 20. 
Equisctaceie, morphology 
of, 415. 

, reproduction of, 

581. 

, stems of 516/ 

Equitant, 71. 

Erect, 37. 

ovule, 120. 

Essential characters, 176. 

oils, 408. 

organs, 00. ^ 

of flowers, 112. 

Etirrio, 141. 

Etiolation of plants, 572. 
Evaporation of iluid8,500. 
Evergreen leaves, 01. 

plants, 548. 

Evolution of carbonic 
acid, 572. 

of heat, 022. 

of nitrogen, 572. 

of oxygen, 571. 

Exalbuminous, 150. 
Kxcontric embryo, 153. 
Excrescent, 83. 

Excretion of air, 570. 

of water, 57t). 

Exendospermous, 151. 
Exostome, 130. 

Exscrterl, 118. 
Exstipulatc, 48. 
Extra-axillary, 82. 
Extrorso, 110. 

Face of anther, 114. 

Fall of the leaf, 520. 
Families of cells, 500. 
Fari nations endosperm or 
albumen, 151. 
Fasciation, 82. 
Fasciculate leaves, 44. 
— roots, 1 0. 
Fasciculus, 80. 

Faux, 101. 

Favelhe, 433, 594. 

Felted tissue, 502. 

Fornalo flowers, 90. 
Fenestrate, 144. 
Fermentation, 674. 
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Ferns, morpliolopfy of, 41 G. 

,re]>n)(luc' 1 ionof,r) 81 . 

, atoms of, 510. 

Fertile flowc^rs, 00, 

Fortil iziition, phenomena 
of, 014. 

, cross, 615. 

self-, 014. 

Fertilization of ovules, 
007, OOS, (>l;i. 

Fibre* prii^itive, 470. 

, woody, 501. 

Fibril] JO, lO. 

Fibrils of roots, 527. 
Fibrosoj 4S7. 
fibrous cells, 48.">. 
Fib^)us layer of Mono- 
cot yled( ms, 517. 
Pibrous roots, 10. 

Fibre- vascular bundles, 
.500. 

system, .500. 

Filament, 110. 

Filiform, li:b 
— cells, 470. 

Filiform segments, 58. 

><<1 p; I ro us reju’od net i on , 

500. 

Fistul.ar stems, 07. 

Fixed oils, 407. 

Flexnoua, .47. 

Float in < 2 [, .‘IS, 01. 

Floccose, 02. 

Floral envelopes, 08. 

oi*;ii:ans, structure of, 

520. 

Florets, 78, 100. 

Flower. 8;j. 

Flower-bud, 72. 

Flowers, ••doubling” of, 

158. 

, essential organs of, 

112 . 

, parts of, 85. 

Fluids, diifusion of. 50-1. 

, evaporation of, 500. 

P’'luitaTis, .‘18. 

Folded embryo, 152. 
Foliaeeoiis cot vledons, 
1.52. 

peduncle, 82. 

Foliola, 58. 

Follicle, 141. • 

Food, elaboration of, 571. 
of plunls, 558. 


Foramen, 129. 

Forces, physiological, 
542. 

Form of cells, 472. 
Formations, floras of,G72. 
Fossil floras, 072. 

plants, 070. 

Fossils, kinds of, 070, 
Free, 95. 

Free-eeli formation, 5.‘U, 
584. 

central placenta, 125. 

fruits, 137. 

stipules. 49. 

Fruits, characters of. 1.41. 

, elassilicatiori of, 1.47. 

, debiscenee of, 1.‘>.4. 

monolbabunic, 

polvtbalamic, 140. 

Frutex, .49. 

Fruticulns, .49. 

Fuca(;e{e, reproduction of, 
589. 

Fungi, 44.4, 580. 

, morphology of, 4 13. 

r reproduction of, 

.5.S9. • 

Funiculus, 129, 148. 
Furfnraceous, 02. 
Furrowed, .48. 

Fusirorm cells, 473. 

root, 18. 

Gnlbulus, 148. 

Galeate, UM>. 
■Gamosepalous, 93, 100. 
Gelatinous coat of cells, 
479. 

Geminate. 40. 

Geinnuc, 581. 

Gemmation, 55.3, 

Genera, names of, 100, 

1 05. 

, nature of, 150, 101. 

Generation, spontaneous, 
544. 

Generic character, 176. 
Gmnis, nature of, 159, 
177. ^ 

Geographical botany, 042. 
Geological botany, 070. 
influences on distri- 
bution, 0.49. 

Geology, botanical, 670. 
Germ-cell, 590. 


Germinal corpuscles, 608, 

on. 

Germination, 621. 
Gibbous, 102. 

))ctals, 104. 

Glabrcscent, 62. 

Glabrous, 39, 62. 

Glands, 02, 00, 51.4. 
Glandular filaments, 114. 
Gians, 145. 

Gleba, 449. 

Globose cyme, 80. 

Globule of CfliaraccsD, 590. 
Glomerulus, 80. 

Glume, no. 

Glumella, 110. 

Glutinous, 02. 

Gonidia, 154. 

Gonopborr, 97. 

Grafting, 585. 

Gran 111 ose, 495. 

Growing points, 538. 
Growth of Dicotyledons, 
523. 

Gum, 497. 

, exudation of, 570. 

Gutta pereba, 578. 
Gymiiospermia, 10, 15. 

*- , carpels of, 128. 

, cm bry ogeny of, 008. 

, ovules of, 008. 

, ])t>llen of, OUO. 

, stamens of, 1 17. 

Gymnosporap, 10. 
Gyn.Tcium, 11.4. 
Gynandrous, 9.5, 119. 
Gynandfopborc, 97. 
Gynobasic, 120. 
Gyiiophore, 97. « 

ITabit of plants, 547. 
Habitat, 180. 

Hairs, 510. 

ITalf-equitant, 71. 
Hastate, .53. 

Haulm, 34. 

Heart-wood, .523. 

Heat of plants, 022. 
llepaticas morphology of, 
425. 

, reproduction of, 580, 

597. 

Herbaceous stems, 32. 
Herbarium, 4. ^ 

Hesperidium, 145. 
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Ileterogeny, •’>45. 

Het^rostylia, (>l(). 
Heterotropous, K30. 

Ililuin, 130, 1 10. 

30, <>2. 

Hispid, ()-. 

Hooked euibryo, 15*2. 
Ilovvzonlal ovvilo, V2SS. 
Homy eiidosponu or al- 
bumen, 151. 

Ilumilusus, .‘IS. 

Iliimiis, 560. 
Hybridization. 017, CIS. 
Hybrids, 1.50, 100. 

from grafting, 584, 

.587,021. 

names of, KiO. 

Hydropliyta, 10. 
Hypocotylcdonary axis, 

Hypooraterifor m , 1 05. 
Hypogynous, 04. 

scales. 111. 

Hystcrophyta, 10, 443. 


Integuments of ovule, 120. 
Tiito^imentuiii externum. 


Imbibition, 020. 
Imbricate buds, 70. 

.‘estivation, 00. 

— leaves, 44. 
Imbricativp Aestivation, 90. 
Irapari pinnate, 50. 
Imperfect flowers, 00,1 1 2. 
Impressions of plants, 670. 
Inarching, .585. 

Incised, ,56. 

IncludtHl, 118. 
Incomplete, 00, ‘fl2. 
Incumbent cotyledons, 
152. , 

Indefinite bulbs, 27. 

inflorescence, 74. 

Induplicate, 71. 
Tndusiuin, 419. 

Inferior, 95. 

frjiits, 1.37. 

ovary, 122. 

Inflated, 1()2. 

petioles, 63. 

Inflorescence, 24, 72. 

, exk*a-axillary, 82. 

Infrutescence, 147. 
Infundibuliforrn, 101,10.5. 
Innate anther, 114. 
Insertion, 46. 

of floral organs, 45. 


- internum, 129. 
Intercellular passages, 
512. 

Internal anatomy, 515. 
Tnterwodes, *2*2. 
liderpctiolar stipules, 50. 
1 nt er nipt edly pinnate, .50. 
Intrapetiohir stipules, .50. 
Introrse, 1 10. 
luuUne, 406. 
luvolucel, 74. 

(Jungermanniaceie), 

424. 

Invulucre, 74. 

(Jungormanniaccie), 

4*24. 

Involute, 72. 

Iodine tost for starch, 495. 
Irregular calyx, 101. 

corolla. 105. 

perianth, 108. 

Irregularity, 88, 95, 104. 
Irritability, 626. '* 

Tsomcrous, 91. 
Isostomonous, 117. 


flointcd, 38. 

Juga, .59. 

Jussicuan System, 190. 


Keel, 105. 

Kingdom, Vegetable, 194. 
Knots of Hicijtyledoiis, 
523. 

Labellum, 109. 

Labiate, 107. 

Laciniatc, 57. 

Lacun;e, 512. 

Laivis, 39. 

Lamina. 46. 

of leaf, 51 . 

■ of pctil, 103. 

Lnnate, 39, 62. 
Lanceolate, 53. 

Lateral embryo, 1 53. 

styh*, 1 *27C 

Latex, 578. 

Liticiferous canals, 514. 
Lattice-nerved, .52. 

Laws of development, 
545. 

Layers, 583. 


Laying, 583. 

Leaf, 39. 

, fall of, 5*29. 

lA'af-bud, 66. 

ljt*aflet.s, 51, .58. 
Ix^af-regiou, 24, 31. 

scale-region, *2^1,25. 

s\uHit\\, 48. 

stalk, 4t>. 

Leaves, absorption by, 
564. c 

, arrangement of, .30. 

, development of, 

.540. 

, forms of, 52. 

, modifications of, 62. 

, structure of, 528. 

, veins of, 529. 

Ijegumo, 141. 

Lepidotus, (>2. 

Liber, 501, 5*23. 
Liber-cells, 501. 
Liber-region, 506, .520. 
Lichens, morphology of, 
441. 

, reproduction of, 

589. 

Life of ].>lanls, 468, 542. 
Liglit, action of, 571. 

, influence of, 571. 

Li gu late corollas, 10.5. 
Ligulc, .50. 

Liliaceous corolla, 104. 
Limb of calyx, 101. 

— - of corolla, 1 0.5. 

— — of petal, 10.3. 
Lindley’s System, 193, 
Linear, 53. 
Linear-lanceolate, 54. 
Linnjrau System, 182. 
LirelUe, 44*2. 

Liverworts, hiorphology 
of, 425. 

, reproduction of, 

597. 

Lobed leaves, 56. 

Lobes, 61. 

of anther, 114, 116. 

of calyx, 101. 

Loculi of anthers, 116, 

of ovaries, 12.3. 

Loculicidal, 1.35i 
Lociisia, spikelet of a 
grass, 110. 

Lodiculce, 111. 
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Lomcntum, 141. 

Linninosit y of plants, 024, 
Ly(*opo(lia<?eji*, inorpho- 
of. r><)7. 

, reproduction of, 

002 . 

, stems of, 515. 

Xj^nite, 57. 

Mace, 1.50. 

IVlaf^nltudc^f colls, 470. 
IVfalo flowers, 00. 
Malpiglnuceie, stems of, 
.521. 

Mangroves, 20. 
Maree.scent calyx, 10.‘). 
Mai^lns of Ic'avcs, ,55. 
Marino jilants, .5(U. 
Marsil(‘acoa‘, morphology 
of, 411. 

, roprocl notion of, 

002 . 

Mealy endosperm, or al- 
bumen, 151, 

Medulla, 52:5. 

IVfcdullary rays. 520, 523. 

sht'uth. .520. 

Megaspores, 002. 
Membrane, cell-, 477. 
Membrane of*eells, com- 
position of, 487. 

, ]->orosify of, 477. 

Membranous, 01. 
IMerenchyma, 5(X1. 

Meri carps, 135. 
Mesoearp, 133. 
IMesothcciiim, .5.30. 
Metamorphosed leaves, 
02 . 

Metamorphosis. 88. 
Methods of study, 3, 
Metis, 018. 
Mierogonidia, .501. 

Micro pyle, 12f), 140. 
Microscope, 5, 
Microspores, 002. 
Midrib, 51. 

Milk-vo.ssels, 514. 

Milky juice.s, 57<8. 
Mineral products, 578. 
Mistletoe, 21. 

Moleculeif, 478. 
Moniulelpbous, 04, 110. 
Monandrous, 117. 
Moniliform, 1 14. 


Moniliform ducts, 502. 
Monocarpic, 547- 
Monochlamydeous, 00. 
Monoeotyledones, 10, 14. 

, roots of, .524. 

, stems of, .510. 

Monoclinous, 015, 
MonoceAows, 00. 

Monopet- ilous, 03, 103. 

corolla, 10.5. 

Monophyllous, 108. 
Monosepalous, 03, 101. 

calyx, 101. 

Monolhalamic, 137. 

Xlonst rolls carpels, 121. 
Mor])lio1ogy of Cvyptoga- 
mia, 1,53. 

of I3ianerogamia, 

11 . 

Mosses, morphology of, 
420, 

, reproduction of, 

.580, 507. 

, stems of, .51.5. 

]\lovements of plants, 624, 
020'. 

of i^rotoplasm, .551. 

of spermato2:oids, 

55.3. 

of tendrils, 030. 

of zoospores, ,5,52. 

Mucilaginous endosjicrm 
or albumen, 151. 
Mucronate, 55. 

Mules. 618. 

Multi jugate, 50. 
■Multiiocular ovary, 123. 
Multi]dc fruits, 137. 

— — ]iist ils, 142. 
Multi]>]ication, 88, .570, 
IMuriform parencliymii, 
.5(Kk 

Mycelium, 444. 

Naked buds, t)0. 

flower, 00. 

Nfipifonn root, 18, 
Nntant, 61. 

Nafural cl<|ssification,l 8G. 

families, IGO. 

Navicular, 104. 

Nectary, 104. 

Nectaries, 108. 

Nervature of leaves, 51. 
Nerves, 51. 


Neuter flowers, 90. 
Nitrogen, sources of, 561, 
573. 

Nodding, 37. 

Nodes. 22, 30. 

Nodose, 38. 

Nomenclature, 163, 164. 
Nucleolus, 401. 

Nucleus of cells, 491. 

of ovule, 129. 

Nuculaniimi, 144. 

Nucule of Characecc, 506. 
Nucules, 141. 

Nutans, 38. 

Nutrition of cells, 5,54. 
Nym]>li:caceie, stem of, 
524. 

Obeordale, 53. 

Oblique, 54. 

Obliciuity, 97. 

Obovato, 53. 

Obt.uso, .55. 

Obvohitc, 71. 

Ocrca, 50. 

Otfsets, 33. 

Oils, essential, 498. 

, fixed, 497. 

g , volatile, 577. 

Oily endosperm or albu- 
men, 151. 

Opercular dehisceneo of 
anthers, 117. 
Openmliitn of Mosses, 421 . 
Opposite, 40. 

Orbicular, 53. 

Orchids, ^ools of, 511. 
Orders, Linn scan, 184. 

— names of, 160. 
Organic acid.s, 573. 

structure, 544. 

Organizing force, 542. 
Organs, 468. 

, development of.MO. 

, elementary, 460. 

, essential, 9(t. 

, internal anatomyof, 

,515. 

Organs of Flowering 
jilants, 11. • 

Orobanehacca?, 21. 
Ortliotropous, 130. 
Osmose, 562. 

Ovary, 120. 

Ovate, 53. 
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Ovate-lanceoIaf<?, 54. 
Overhanging, o8. 

Ovule, 120. 

, cbaractors of, 128. 

— T^, devolopmont of, 541. 

, of Angiosperms, 

010 . 

, of Gymnosperins, 

008. 

of Phanerogam ia, 

607. 

Oxygen, evolution of, 571. 
Ozone, action of, 501. 

Palate, 107. 

Pales, 74. 110. 

of capitula, 78. 

Palmate. (JO. 

Palmitkl, 57. 
Palminerved, 52. 

Pa Imi partite, 57. 
Palmi})innate, 01. 
Palmisect, 57. 

Panicle, 70. 

Paper, botanical, 4. 
Papilionaceous corolla, 
105. 

Pappus, 102. 
Paracellulose, 487. 
Parallel -nerved, 51. 
Parenchyma, 5(X). 
Parietal placentas, 124. 
Paripinnate, 50. 

Partial petiole, 48. 58. 
Passjiges, intercellular, 
512. 

Patellue, 442. 

Patent, 00. 

Pedate, 00. 

Pedatifid‘, 57. 
Pedatipartite, 57. 
Pedatisect, 57. 

Pedicel, 7»1. 

Peduncle, 73. 

, foliaceous, 82. 

Pelt<442. 

Peltate, 55. 

anthers, 117. 

stigma, 127. 

Pendent, ^38. 

Pendulous, 30. 

ovule, 120. 

Penicillate stigmas, 127. 
Penninerved, 52. 
Pentadblphous, 119. 


Pen tamer ous flowers, 87. 
Pcniasticlious, 41. 

Pepo, 147. 

Perennial planta, 547. 

stems, 33. 

Perfect flowers, 00, 112, 
Perfoliate, 55. 

Perforated cells, 482. 
Perianth, 08. 

, characters of, 108. 

of Grasses, 1 10. 

of J ungermaimiacem, 

424. 

Pericarp, 133. 

Periclia‘tial leaves, 421, 
424. 

Perieha4iiim, 424. 
Periderm, 524. 

Perklium, 41G. 

Peri gone, 08. 

(Jungermanniacoa), 

424. 

Perigonial leaves, 424. 
Perigynium, 1 12. 
Perigvnous, 04, 0.5. 
Periodicity in j)lants, 547. 
Peripherical embryo, 153. 
Perisperm, 151. 
Peristome, 421. 

Peril hecia, 442. 445. 
Persistent, S.3, 108. 

calyx, 102. 

corolla, 108. 

Personate, 107. 

Petals, 1 03. 

strap-like, U)4. 

Petaloid, 104. 

filament, 1 1 4. 

perianth, I OS. 

Petiole, 40, 48, 148. 

, structure of, 520. 

Petioliile, 58. 

Petrified plants, 070. 
Phamu’ogamia, lO. 

.reproduction of, 004. 

Pliyllaries, 74. 
Pliyllocyanino, 403. 
l%llode.s, 47, 48. 
Phyllodia, 02. , . 
Phyllotaxy, 40. 

of flowers, 80. 

Pliylloxanthiiio, 403. 
Physiological forces, 542. 

processes, 550. 

Physiology, 468. 


Piloorhiza, 525. 

Pilose, 30, 62. 

Pinna?., <58, 01. 

Pinnate, 58. 

Pinnat ifid, 50. 
Pinnatipartite, 56. 
Pinnatisect, 56. 

Pinnules, 61. 
Pistilliferous, 00. 

Pistils, cliaractcrs of, 120. 

, structure of, 5^30. 

Pitchcr-])lants, 63. 
Pitcliers, 63. 

Pith of Dicot vletlons, 520, 
523. 

Ihts of cell-membrane, 
470. 

Pith'd cells, 480. 

ducts, .504. 

epidermal cells, 485. 

Placenta, 121, 124. 
Placentoids, 530. 

Plaited jcstivalion, 00. 
Plants.description of.l 70. 

, distribution of, 63 

, food of. 558. 

, fossil, 070. 

, life of, 408. 

, skeleton of, 487. 

Plicate, 71.* 

Plicate a’stivation, 90. 
Plumule, 15,60, 122, 152. 
Podosperm. 120. 
Pollarding, 581. 

Pollen, 113, 114,110.00.5, 

of Gymnnspermia, 

0(J(;. 

Pollen-masses, 110, 005. 
Pollen-tubes. 007, (312. 
Pollinia, 120, (}05. 
Polyadelphous, 110. 
Polyandrous, 117. 
I’olycotylcdonoiis, 1 52, 
Polygamous, 00. 
J*olygonal cells, 474. 
Polyp(;h\lous, 03, 103. 

corollas, 104. 

Polyphylloua, 108. 
Polyscpjilous, 03, UK). 

calyx, 100. 

Polythalamic, 137. 
Pomum, 147. 

Pores, 136. 

Porosity of membrane, 
477. 
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Porous cells, 480. 

deliisceiico of an- 
thers, 117, i;m.’ 

of iruit, 134. 

Poslvontitious bulbs, 27. 
Prsefloration, 08. 
Prad'oliation, 70. 
Pr.TventitioLis bulbs, 27. 
Primary membraiu', 477. 
Primino, 130, loO, Oil. 
Primitive ttbro, 470. 
Primordial utricle, 480. 
Prismatic cells, 474. 

])arcu(:]jyma. hOO, 

Processes, physiological , 
.Out). 

Procumbent, 38. 
Progressive vascular bun- 
dles, oOH. 

Propagivtion, .')<82. 
Prosem*hyma, 500, 501. 
Prostrate, 38 . 
Protandrous, 015. 

Prot ei I uKH'Ous matters, 
575. 

Prolliallium, 000. 
l>rothallus,410, 502. 
Ih'otoiiynous, 015. 
Protonema, 000. 
Protoplasm, 480. 

, movements of, 5f)l. 

Pruinosc, 02. 

Pubescent, 02. 

Pidvinus, 40. 

Put amen, 133. 

Pyxis, 143. 

Quad rill anilar anther,! 10. 
Qiiateniary. flowers 87. 
Quinary flower.s, 87. 
Quinate, <>0. 

Quinciineiat, 41. 

(estivation, 00. 

Raceme, 7(i. 

Races, nature of, 159. 
R«(4iis, 1 10. 

Radiant florets, 70. 
Radiate, 127. 

Radical leaves, 45. 
Radicle, 15, 10, 152. 
Radix rtultieeps, 33. 
Ramal leaves, 4(>. 
Ramilication, 07. 
Ramosissiinus, 30. 


Raphe, 130. 

Rapbides, 400. 

Ray, 70. 

Rays, medullary, 520, 523. 
Roeoptaele of flowers, 04, 

90. 

, anatomy of, 530. 

, common, 78. 

(Fueaec;e), 108. 

(Fungi I, 171. 

Receptacular tube, 05, 

101 . 

Reclinate, 71. 

Reduplicate, 00. 

Reflexed perianth, 108. 

sepals, lOl. 

Regions of altitude, 045. 
Regina, 14.3. 

Rt'gular calyx, 101 . 

corolla, 104. 

flow'd’, 88. 

Reniform, 53. 

Repaud. 50. 

Repeus, 38. 

Replum, 125. 
Repfi'sentativc species, 

037. • 

Reproduction, sexual, 

587. 

, vegetative, 570. 

of Algir, 580.^ 

Aiigio'^poi’jv, 505. 

Confervoidoiv, 501. 

Diatomacea*, 500. 

F^uisebicea', 581. 

Ferns, 581.^ 

Fucacea\ 580. 

Fungi. 580. 

llepatica*, o80, 507. 

Liclieiis, 580. ^ 

IMai’sileaeeiv, 002. 

]\fosses, 580, 507. 

Phaiierogamia, 581, 

004. 

SpoKogamia, 002. 

Thallogamia, 000. 

Thallophyta, 580. 

R^'servoirs for secretions, 
•514. « . 

Resins, secretion of, 7. 
Respiration of plants, 5 ( 3. 
Resting-spore, 540, 503. 
Resupinate ovule (of 
Pliimbaginaccie), 129. 
Reticulated cells, 484. 


Reticulated vessels, 504. 
Retinaculum, 120. 
Rotroserrate, 50. 

Refuse, 55. 

Reversion, 020. 

Revolute, .50, 72. 

Rhizome, 21, 25, 30. 
Rhizotaxy (arrangement 
of roots), 17, 

Rhomboidal, 53. 

Ribs, 51,520. 

Ribbed, 38. 

Rind of Monocotyledons, 
518. 

Riiigent, 107. 

Ringing of stems, 570. 
Roots, 10. 

, adventitious, 18. 

• , aerial, 10. 

■ , axial, 17. 

, buds on, 21 . 

, development of, 

530. 

, direction of, 530. 

, fibrils of, 10. 

, selecting power of, 

503. 

, structure of, 524. 

^ ^ tuberous, 17, 527. 

Root-stock, 21, 25, 30. 
Rosaceous corolla, 104. 
Rosidato, 41. 

Fotatc corolla, 105. 
Rotation of cell-sap, 551 . 
Ruminated endosperm or 
albumen, 151. 
RimciiiHle, 57. 

Runners, 33. 

Saccate, 102. 

petals, 104. 

Sagittate, 53. 

Samara, 143. 

Sap, ascent of, 505. 

, crude, 505. 

, descent of? 500. 

, elaborated, 500,570. 

Sap-wood, 523. 
Sai)inclaceie, stems of, 521. 
Sarcocarp, 133, 

Scabrous, 02. 

Scalariform cells, 484, 

— . — vessels, 504. 

Scales, 70, 510. 

of corollas, *107. 
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Scalj, G2. 

bulb, 26. 

Scandens, 38. 

Scape, 73. 

Scattered, 40. 

Sebizoearp, 135. 

Scorpio id cyme, 80. 

Screw-rines, 21. 

Scurfy, 62. 

Scuteihe, 4-12. 

Secondary layers, 470. 

— — .‘spiral, 42. 

Secretion, 575. 

Secretions, canals for, 514.. 

, reservoirs for, 5 It. 

Secretory system, 513. 
Secundine, 130, 1.50, 611. 
Seeds, characters of, 148. 

, vitality of, 546. 

Segments, 61. 

Selecting power of roots, 
563. 

Sensitive plants, 628. 
Sepaloid periantb, 100. 
Sepals, 100. 

Septa of cells, 475. 
Septenate, 60. 

Septicidal, 1.‘15. 
Septifragal, 134. 

Septum of anthers, 116. 

of fruits, 132. 

Sericeou.s, 62. 

Serrate, 56. 

Sessile, 47, 54, 

flower, 73. 

leaves, 47. 

stamen, ll.S, 

stigma, 120, 126. 

Seta of AjTcjsses Ac., 420. 
Setic, 62. 

Setose, 30, 62. 

Sexual reijroduction, 587. 
Silica, excretion of, 578. 
Siliceous deposits, 487. 
Silicula, 144. 
Siliqua,?l44. 

Simple fruits, 140. 

~ — leaf, 51. 

pistils, 122. 

Simultaneous vascular 
bundles, 507,* 
Sinistrorsc, 100. 

Sinuate, 57. 

Sinus, 101. ^ 

Size of ^US) 476. 


Skeleton of plants, 487. 
Sleep of plants, 626. 

Slips, 583. 

Solitary flowers, 73. 

Sori of AlgiC, 431. 

of Ferns, 416. 

Sorosi.s, 147. 

Spadix, 76. 

Spatho, 74. 

Spatbulatc, 53, 5,5. 

Special recoptacle(Fiingi), 
171. 

Species, names of, 150, 
164, 166. 

, nature of, 156. 

, origin of, 161. 

, r(‘presentative, 637. 

Specific character, 177. 
Spectrum, rays of, 571. 
Spennatia, 433, 580, 
Spern lal ozoids. 553. 

of Alga', 431. 

Sperm-cells, 600. 
Spermocarpiu, 10. 
Sperniogonia, 442. 
SpbalerO(*arpum, 1+1. 
Splieroidal cells, .472. 
Spike, 76. 

Si)ikelet, 70, 110. 

Spines, 62, 65, 510. 

(leaf), 55. 

Spinosc-serrate, 50. 
SpinoMis, .30. 

Spinous, 62. 

Spiral embryo, 152. 

fibrous cells, 483. 

growth, 620. 

(leaves), 41. 

structure of mem- 
brane, 477. 

vessels, 502. 

S]>ongiolcs, 527. 
Spontaneous generation, 
544. 

Sjiuranges, 154, 410. 
Spores, l.'>4. 

, resting, .503. 

, vitality of, 540. 

Spore-frui’s. 41C. 
Spore-sacs ci‘ iUgaj, 431. 
Sporocarpia, 10. 
S))orocarps, 411. 
Sporogamia, 10, 602. 
Sports, 620. 

Spur, 102. 


Spurious dissepiments, 
124. 

Spurred petnls, 104. 
Stalked scales, 62. 
Sbimens, characters of, 
113. 

, compound, 1 14, 1 10, 

541. 

of Gymnospermia, 

117. 

Staminiferoiu\ 90. * 

Stam inode, 113. 

Standard, 105. 

Starch, 485, 570. 

Starch -granules, 404. 

, test for, 405. 

Statistics of vegetati6ti, 
667. 

Stellate* cells, 474. 

Stems, 21. 

, anatomy of, 515. 

, development of, 

538. 

Sterile flotvers, 00. 
Stichidiuni, 431. 

Stigma, 120. 

Stigmas, characters of, 
126. 

Stigmata bicruria, 127. 
Stigmatic surface, 121. 
Stings, 62, 513. 

Stipcls, 50. 

Slipilate, 07. 

Sliimles, 46, 48, 40, 51. 
Stipulate, 48. 

Stock, 35, 

Stomata, 508. 

, development of, 537. 

Straight eni bryo, 152. 
Striate, 30. 

Strictu.s, 37. 

Strobile, 76. 

Strobilus, 148, 

Stroma, 445. 

Stropl doles, 150. 
Structure of flowers, 80. 
— — of Iciives, 528, 

of petioles, 529. 

of plants, 468. 

of roots, 524. 

of stems, 515. 

Style, 120. 

, characters of, 120. 

, structure of, 530. 

Stylospores, 445, 
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Suberous layer, 520, 524. 
Submerged loaves, Gl. 
529. 

Suborders, 170. 
Subrotund, 55. 
Substitution, 97. 

Subulate, 55, 114. 
Succulent, GJ. 

Sugar, 485, 497. 

— — , secretion of, 57G. 
Superior, 95. 

fruits* 137. 

ovary, 125. 

Suppression, 88, 90, 91. 
Supradeeomposite, 58. 

Sur laces of leaves, 51, Gl. 
Susyended ovule, 129. 
Suspeusor, G08. 

Sutural dcbisceiicc, 117, 
154. 

Sutures of anlber, 114. 

, dorsal, 121. 

, vent nil, 121. 

Syconus, 1 17. 
Symmetrical llowcr, 88. 
fl^earpiuin, 142. 
Syncari)Oiis fruits, 157. 

pistil, 122. 

Syngenesious, 94, 119. 
Synonyms, 1G7. 

System, aerial, 512. 

^cellular, 505. 

, cortical, 508. 

, GbrO'Vascular, 50G, 

— — , secretory, .515. 
Systematic botany, 155. 
System of llontbam and 
Hooker, 194. 

of ])e Candolle, 192. 

— of KndlicluT, 192. 

of Jussieu, 190. 

of Lindloy, 19.'». 

of Linnivus, 182. 

Systems, artilicial, 181. 

, natural, 18G. 

of classilicalion, 181. 

Tubular cells, 472. ^ 

parenchyma, 500. 

Tannin, 579. 

Tap-i’oot, 17. 

Teeth of^alyx, 101. 
Tegmen, 129, 149. 
Tegmenta, 09: 

Tola contexta, 502. 


Temperature of plant.s, 

Tendrils, 63. 

Teratology, 83. 

Terete, 58. 

Terminal buds, 22, GG. 

infiore.scence, 72. 

Ternary compounds, 573. 

flowers, 87. 

Ternate, G9.' 
Tomato-pinnate, GO. . 
Tertiary layers, 485. 
Testa, 150, 149. 

Test s, 494. 
Tetradyiiamous, 1 18. 
Q’'etramerou8 flowers, 87. 
T(4raspores, 580, 589. 
Texture of leaves, Gl. 
Thalamifloral, 95. 
Thalamus, 85, 97, 550. 
Tliallogamia , 1 0, 4 1 4. 

, reproduction of, 000. 

Tliullopliyta, 21, 1.54. 

, morphology of, 

427. 

^ reproduction of, 

589. 

Tballus,*l.54, 427. 

Tiicca*, 154. 

Thorns, G5, 510. 

Throat of calyx, 101. 

of corolla, 105. 

Tliyrse, 77. 

Tigelliim (hyjiocotylodo- 
nary axis). 22. 

Tissue, e,onducting, 550. 
— — , felted, 502. 

— — , kinds of, 499. 

, vascular, 471, 502. 

Tomento.se, (>2. 

Torus, 97, 1 12. 
Transpiration, .500. 
Transport of plants, G55. 
lYiadelphoiis, lit). 
55-iandrous, 117. 
Trinngukr, 58, 53. 
Tribes, 170. 

Tricliogyne, 433, 590, 593. 
TuigonoiM, 58. 

Trimerous flowers, 87v 
Trimorphism, G15. 
Tripiniiate, GO. 
Tripinnatilid, 58. 
Tripinnatisect, 58. 
Triple-nerved, 52. 


Triquetrous, 38. 
Tristichous, 40. 

Trunk, 34. 

Tryma, 145. 

Tube of calyx, 97, 101. 

: of corolla, 105. 

, receptacular, 95. 

Tubers, stem-, 29. 
Tuberous roots, 17, 527. 
Tubular, 101, 105. 
Tiinicated bulb, 26. 
Turbinate, 101. 

Turio, 35. 

Twining, 58. 

Typical flower, 88w 

Umbel, 77. 

LJmbellule, 77. 

ITmbilical cord, 129. 
Undulated, 56. 

Unguis, l(i5. 

Unij ligate, 59. 

Unilocular anther, 116. 

ovary, 125. 

Unisexual, 90, 112. 
Urceolate, 101. 

Ut.ricles, 05. 

, jiriinordial, 489. 

Utricuhis, 112, 141. 

• of Carex, 112. 

Uva, 145. 

Vagina, 46, 49. 

Vaginulc of Mos.ses, 421, 
.599. 

Yalvate, 70. 

u'S^jlvation, 99. 

Valves of fruits, 1.54. 
Valvular (sutural) de- 
hiscence of ailther, 117. 

of fruits, 134. 

Varieties, 158. 

, names of, 168. 

, nature of, 157. 

'Vhisa propria, .502, 505. 
Vascular tissue, 502. 
Vasculoso, 487. 

VT'getable, deflnition of, 
542. 

Kingdom, 10. 

j systfimatic 

view of, 194. 
Vegetation, chemistry of, 
558: 

, physiology ©f, 551. 
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Vegetation," statistics of, 

, zones of, 641. 

Vegetative multiplication, 
579. 

Veins, 51. 

— — ^ of leaves, 529. 
Velameii radicum, 511. 
Venation of leaves, 51. 
Vernation, 70. 

Versatile anther, 114. 
VerticiUaster, 81. 
Verticillate, 40. 

Vessels, 502. 

, development of, 557. 

-- — , laticifenms, 514. 
Vexillary aestivation, 99. 


Voxfllum, 105. 

Villous, 02. 
Vinegar-plant, 555. 
Viscous, 62. 

Viacuni, epidermis of, 
511. 

Vital force, .542. 
Vitality of seeds and 
spores, 546. 

Volatile oils, 577. 
Volubilis, 58. 

Wax, excretion of, 578. 
Whorleil, 40. 

AN inged, 5><, 49. 

Witiijs, 105. 

Winter- buds, 70- 


Wood of Dicotyledons, 
620. 

Wood-region, 506. 
Woody fibre, 501. 

Xantho-protein, 494:. 

Yeast-plant, .554. 

Yew, wood-cells of, 485. 
Yucca, stem of, 518. 

Zones of vegefatioii, 652, 
641. 

Zoospores, 552, 590. 

, development of, 

555. 

, movement of, 552. 

% 


THE END. 
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